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Executive Summary 

Chapter One 

Executive Summary 

1.0 SUMMARY 

The perfOrmance of aviat:on maintenance and inspection 
P"rsonnel is directly related to the design oftlteir tasks, the 
trainiro.g given to them, the tools they work with, and the 
natureoftheirworkenvironment. The goal of the aviation 
maintenance system is to ensure the continued safe and 

efficient oP"ratbn of aircraft. Toward that goal the Fed
eral Aviation Administration instituted the Human Fac
tors in Aviation Maintenance Research T earn to focus on 
a variety of human fuctors aspects o.ssociated with the 
aviation maintenance technician and other personnel 
supporting the maintenance system goak. 

The team was comprised of personnel from government, 
private industry, and academia with strong expertise in 
human fuctors. They were assisted by experienced indus
try maintenance personnel and certified aitfiame and 
powerplant technicians. The results of their efforts are 
included in five chapters, this first chapter being the 
combined executive summaries "f the other four. Specifi
cally: 

Chapter 1 -Executive Summary 
Chapter 2 -Study of the Maintenance Organization 
Chapter 3 -Study of the Maintenance Technician in 

Insp=ion 
Chapter 4 -Study of Advanced T echnologyfor Main

tenance Training 
Chapter 5 -Study ofjob Performance Aids 

In addition, information dissemination was achieved 
through the conduct of four conferences relating to the 
material of the four chapters. The results of these are also 
included in this sununary. 

Each of the chapters list<~ above, 2 through 5, have been 
treated so as to be a "sra_.,d alone" or independent research 
report. This chapter, the Overali Executive Summary, 

provides the r..rionale for the overali program and high
lights the methods, primary findings, and subsequently 
planned research and development. 

1.1 PROJECI' RATIONALE 

The work to date has identified numerous areas where 
human factors research and development is likely to 
improve cfficicr,cy a..,d effectiveness in the maintenance 

system. Subsequent research, 1991 and beyond, will 

1 

develop demonstrations for implem~'Otation and evalua
tion within operational maintenance organizations. 

The aviation maintenance system is complex. It is infl u
enced by a variety of entities and fuctors as shown in Figure 
1.1. The system includes the aircraft manufuaurers who 
design, build, and sell aircraft hardware, software, accesso
ries, documentation, and a variety of support services. The 
airlines, and other operators, purchase, operate and main
tain the aircraft and also supply equipment and services to 

other operators. Vendors supply aircraft components, 
maintenance equipment, and support services. Repair 
stations supply contract maintenance services and other 
support, Schools, private and public, offer training ser
vices. 

Regulators,liketheFederaiAviationAdministration (FAA), 
the Ocrupational Safety and Health Administration 
(OSHA), and others, provide the regulatory environment 
in which the system cperates. These independent entities 
exist in an intesrated environment that the Air T ranspon 
Association (AT A) characterizes as a three-legged stool 
shown in Figu~ 1.2 Thecrossmembers between the legs 
of the stool represent the on-going cooperation, commu
nication, and dependency among the three legs. 

A resean:h and devdopment program in aviation mainte
nance is driven by the rollowing f.tas: 

1. Public sentiment demands a continuing, :ll
forrlable, and safe air t..ransporration system 
following national concern over recent mainte-
nance-related incidents and accidents. 

2. Maintenanceworkloadisinctc:tSir.gduetosuch 
fuctors as: 

• incrca'ed traffic 
• increasedmaimenancerequirementsforcon

tinuing airworthiness of older aircraft 
• increased requirements for new technical 

knowledge and skills to maintain new tech
nology aircrafi: 

3. Demographic projections predic: a shortage of 
qualified techniciaits. 

4. Competitive pressures demand that mainte
nance organizations increase cfEcic:1cy and cf
fccrivcnesswhilcmaintainingacontinuinghigh 
level of safety. 
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II 

I 
I' 

Ftgnre 1.1 The ComplexAviarlon Mainteoance System 

OPERATORS 

II 
FJgme 1.2 The ATA Three-Legged Stool 

1.1.1 Public Demand fur Continued Safe 
Public Air Transportation 

Safe and reliable air transportation is a reasonable public 
demand. Commercial air transportation is, in fact, safe 
and reliable with trends tow:ud ever-decreasing incidents 
per p-..ssenger mile flown (Office ofT .-""oiogy Assess-

2 

ment (OTA), 1988). Nevei"theless, the infre<juent inci
dents associated v.ith air travel do influence public trust in 
the air rranspor..ation system. The 1990 crash of the 
United Airlines DC-1 0 in Sioux City, Iowa, raised ques
tions about ai...Jine maintenance p=tices. The Aloha 
Airlines 737 accident showed that ma'ntenanceand main
tenance training practices were the major cause of the 



explosive decompression and structural &.ilure of major 
skin components (NTSB, 1989). Wnile these incidents 
resulted in the loss of life, the ovcrall safety and redun
dancy of the aircrafi combined with the training of r.'Ie 
crews prevented total catastrophe in both cases. 

Since maintenance praaices were involved in the ex
amples above, as wdi as m othet incidents, operators and 
the government are paying increased artenrion to the 
htm1an in the maintenance system. The Aviation Safety 
Roseard! Act of 1988 {PL100-59i) mandated that re
search attention be devoted to a variert ofhuman perfor
mance issues including" aitcrafi maintenance and inspec
tion." 

1.1.2 lncrc!sed Maintenance ~oddoad 

From 1980 to 1988 the estimated cost of airl;ne mainte
nance increased from $2.9 billion to $5.7 biliion (GAO, 
1990). The increase is artributable to numerous factors 
including an increase in passenger miles flown, an increase 
in number of aircrafi added to the fleer, and increased 
maintenance for conTinuing airwonhiness en aging air
cr.J!. T abk L I shows the increases in dollars spent on 
maintenance, passer.ge:- miles, number of aircrali, and 
number of maintenance technicians (GAO, 1990 and 
AT A, 1989 Sum.-nary Data) from 1980 through 1981.:. 
Figurr 1.3 shows thar d~e increase in the number of 
aviation maintenance technicians has the lowest percent
age increase of all the categories in thar eight-year period. 
These data suggest thar worklood on the individual tech
nician has incre!Sed. Therefore, resea.-ch attention to the 
hamm in the maintena•1ce system is likdy m have high 
potential to incr=mainrenanceefficiency,effectiveness, 
and safety. 

Elecuiive Summary 

1.1.3 Demograhics 

TheOTA, the US Depa> .. lent ofLabor, th. /\irTrans

pon Association, the Future A viarion Professionals Asso
ci~tion, theA'liation Technician Education Council, :he 
Professional Aviation Maintenance As>ociation, and nu

merous other groups maintab esrimares regarding the 

projected shonage of aviation maintenance techniciaP.s 
(Al\1T) over the next ten years. T!!ere is unanimous 

agreement that there will be a need for 100,000- 120,000 
AMTs by the yea,- 2000. The number is based on the 
current number of tew'>nicians combined with new posi

tions related to new aircrafi and increased attention to 

contirmir-.g airwonhiness of older aircra!L Using thooe 
estimates and the errimates vf th;: numbcrs of new i\&P 

cenificates, ri1e shonagc wili ra;1ge from 65,000 to as 

many as 85,000 new A.MT" needed by the year 2000. 
Tabk i..2depicts the estimares. 

Most of the new AM.T workforcewill be different that the 
current AMT woMorce, which is comprised of males 
over 30 yea:s old (69"h in 1988 (Dept. of Labor)), with 
nearly a third of this population having over 20 years 
experience. As these experienced technicians retire their 
positions will be largdy filled by inexperienced prnonnd. 
The new wmk force will require greater training ar.d job 
St: ppott systems, both of which will be products of a 
human factors research progtan'-

1.1.4 Competition fur Resources 

With increasing passenger miles flown and increasing 
numbers of flights per day there is considerable competi
tion for resources, especi:dly between operariom; and 
maintenance. The operations departments nea! more 
airplanes, for more routes, for longer periods each day. 
The increased flight hours and em~ng r<quirements fur 

1980 1988 I %Increase 

Maintainance Costs $2.9 Billion $5.7 Billion 96% I 
j 

Passenger Miles 255 Billion 433 Billion I 65% I 
' I I 

Aircraft in U.S. Fleets 3.700 5,022 36% I 
I 

I ' 

I 
I 

I NuiT'her of Mechanics I 
: 

45,000 55,000 22S1o 
l 

' 

Table 1.1 Percentage Increase in U.S. Airlines 1980- 1988 

3 
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continuing 2irworthinoss on aging aircra.'i: require more 
maintenan= The finite resources include. as examples, 
time, shop Boor space for maintenance, equipment fur 
inspection and main=mce, and AMT personnel The 
limited resources are competing to 1112.tch airaafi avail
ability with the tranSp<>rtation system demands. The 
increasing fleet size, matched with the fact that by 1995 
nearly 65% of the aircraft will be o·,er 20 ye:us old 
(National Council on Vocational Education, 1991 ), sug
gest that there is a serious potential shortage of the 
resoura:s (human, equipment, and space) to inspect and 
repair aircralt (GAO, 1990). There is a need to inc=se 
tcSOurces across the board. In addition, there will be a 
special need to hdp the technician work "smarter" and 
generally increase the overnll capability of the hurr.an, as 
wd! as the system, to service the growing numbets of 
aircrafr. 

!.2 HUMAN FACfORS DEFINED 

1.2.1 'What i.. Human Factors 

Human fuaors srudies the perfurmance of the human as 
an operating dc:mentwithin ,.goal-di=tedsysrem.ln r.l,e 
design and use of a system, the hum:m is viewed in the 
samemannerasanysystem component. If the system ism 
functiou dfecrivdy and efficiencly, the designer must 
undemand the operating characteristics of each romJ»
nent, including the human. Human F=ors research 
seeks information on laws ofhaman behavior, the capa-

4 

bilities and limits of humans, efkcts of environmental 
factors, and rules fur optimizing the use of humans in 
present-day systems. The research t=n recognizes that it 
is not always possible to treat the human as a predicrable 
dement in a system. Human narure, work ethic, and a 
variety of such innare behaviornl variability threarer,s a 
classical engineering treatment of the human in a system. 

Thebroadgoalsofhumanfactorsres=chrequireamulti
.Jscipli_nary effort drawing on infurmarion from speciali
ties -ouch as psychology, physiology, ecology, engineering, 
medicine, education, computer science, and others. Infur
=rion from these sources is used todevdop procedu."eS for 
system design, furnperarional system use, and fur ongoing 
evaluations of system effectiven=. In all cases, primacy 
arrention is given to the human operator. 

1.2.2 Why Human FactoiS Research in Aviation 
Maintenance 

The human in aviation m'linter.ance can be concep'Olal
ized a• a person-machine system,"" shown in Fi~ 1.4. 
Input and output variablo can be dea.-ly specified. Th~ 
process itsdf, as shown, is labor-intensive, wit.h the Avia
tion Mcintenailce Technician being. by Err, the most 
important system dement. In order to achieve the desired 
system output, an u.'ldemanding is requ:red of the ma.'ly 
fuctors (working environmem, training, ere.) which affect 
the perfurrna."lce of teclmicians. Human fuaors exa;nines 
all of these variabb, ilicir effect on techuician perfor-



Elecutive Summary 

Projected AMT Requireme>'lt through 2000 100,000 - 200,000 

AMTs Employed in 1988 55,000 

Estimated New Positions 45,000 - 65,000 

Estimated Attrition Through 2000 45,000 

Estimated Training Completions 25,000 

Projected Shortage of AMTs By 2000 65,000- 85,000 

Tablel.2 
Avaition Maiotenance Manpower- Requirements Through the Year 2000 

(Dept ofl.abor (1990). ATA (1990)) 

mana; and the resulting quality of system ompuc. Using 
th!sinformarion.amaintenances-jStemcanbedesigncdto 
minimize system error and to ensure that ai=afr are 
available as n..Oed and are fully safe foe flight:. 

Human factors can have significant elrect on the perfor
ma•tce of the total aviation maintenance system. Human 
factors can affect hardw-..re design and manufacture; the 
design and implemenrati ... n of maintenance tools and 
procedures; and thesdection. training and overallsuppon 

Jraining 

·--. 
Worker 
C hall•• 

of the human as a critical romponent of the aviation 
maintenance system. 

Human fu.aors provides approaches to make efficient use 
ofhuman resoutees. while at the same rime maii".taining 
cruugins of safety. Importantly. while only two to three 
percent of accidents are attributed to pilot error. W eiger 
and Rosman (1989) have data which indicates that about 
40% of all wide-body ai=afr accidents attributed to 
human error begin with an aircraft malfunction. Reduc-

Maintenance 
To'ols and 
Processes 

· Data Sources 

:Figure 1.4 The Human in the Maintenance System 
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Chapter One 

ing aircrafi: malfunction is a primaJY goal of maintenance 
progr:uns and the humans who carry out those programs. 

13 STUDY OF THE MAJNTENANCE 
ORGANIZATION (CHAPTER 2) 

This research W2S a study of maintenance organizations 
from an organizational psychology and systems engineer
ing perspective. The intent w:cs to identifY how commu
nication is accomplished within a maintenance organiza.. 
cion. The research also fOcused on how maintenance 
organizations set and accomplished technical goals. 

A rapid but systematic asscssr:1ent of aviation mainte
nance technician interaction in eight U.S. companies was 
undertaken in early 1990. Over 200 AMT s, their fore
men, and maintenance r:1anagers were interviewed and 
observed during two to four day visits of heavy mainte
nance checks of aging aircraft. The data from these visits 
were coded and classified using socio-technical systems 
(STS) concepts to identifY organizational purpose. values, 
environment, product, and patterns of communication 
(f aylor, 1989). STS principles (Cherns, 1987) were then 
used to hdp assess the compatibility among those various 
components. 

1.3.1 Awareness of Maintenance Goals 

The survey suggested that individual AMT s did not 
always have a complete understanding of the company 
purpose r<garding the role of maintenance. The mainte
nance personnd need to be able to individually describe 
their role in concert with the company purpose. 

1.3.2 Competence of the Workforce 

The survey, albeit not all encompassing, indicated a 
shorrageofexperiencedAMT s. Several factors are respon
sible fur this sin•~tion. In the late 1960's, the maintenance 
force was comprised of AMTs with experiences gained 
during n. ·litary service, supported by skilled general fOre
men, scheduling cadre, and instructors to broaden the 
AMf knowledge as newer aircraft such as the Douglas 
DC-9 and Boeing 727 joined the established fleer of 
Boeing 707' sand Douglas DC-8' s. The oil crisis ofl 972-
73, increased fud costs resulting in increased f.ues. ln
creasrci fates caused a reduction in load factors, causing 
airlines to lay off newer mechanics. Unronunatdy, as the 
crisis eased, these mechanics were not rehired, to a large 
degree. The slow economic times of 1979-83, coupled 
with deregulation, generated a cost-conscious industry, a 
sign of which is reduced inventories of aircraft pans and 
leaner staffing. 

Finally in 1988 through the present the "new" fleet of 
1970 aircraft a..., now the aging aircraft, exhibiting the 
need for increased inspection and repair. The AMT 
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workforce however~ with the experienced AM·l~s retiring, 
being promoted and transferring, currently exhibits a 
bimodal distribution with the A.VITs either being very 
experienced, or having little (3 years or fewer) experience. 

With the aging fleer problems involving extensive sheet 
metal repair, the newer AMTs are working to develop 
skills and experience to complete repairs which are com
patible with commercial trar:spon damage tolerance prJ.c
tices. This learning process can result in delay and often in 
re-repair, a situation that is not acceptable to the time 
pressure type of maintenance operation. 

1.3.3 Teamwork 

The survey dearly indicated that above-average coordina
tion, cooperation, and communication produced less 
frustration and improved work performance. Where com
munication was not a high priority, high turnover, low 
morale, and concerns about the high maintenance work
load resulted. Contributing to this problem was the 
complexit)i of coordination among maintenance, plan
ning, stores and shops. 

1.3.4 Comminnent 

The overwhdming majority of AMTs contacted during 
the survey expressed enjoyment in maintenance and 
mechanical repair. A strong desire to sec the "big picture" 
was exhibited throughout the mechanic, inspector, plan
ner and managerial workforce. Regarding intent to re
main in the maintenance operation, the planning force 
was the group considered most likely to move on to other 
areas. 

1.3.5 Phase n Plan 

In the second phase the researchers will develop a docu
ment that will be a guiddine for effective communication 
within maintenance organizations. Thedocumentwill be 
designed with, and written for, all lcvds of maintenance 
managemenL The documer.t will address issues rdated to 
maintenance management style, the structure of the 
maintenance organization, job design for application of 
new technology, defining purpose and goals within a 
maintenance organization, and other topics related to the 
pursuit of excellence within maintenance organizations. 
This written guiddine will be available to the industry at 
the completion of Phase II, in late 1992. 

1.4 STUDY OF TilE MAINIENANCE 
TECHNICIAN IN INSPECTION 
(CHAPTER3) 

The Federal Aviation Administration policy regarding 
aircraft structural design is that of damage tolerance. This 
approach accepts that cracks and corrosion in meral 



aircraft do, by definition, exist through the life of rhe 
aircraft. The inspe::tion interval applied to the damage 
tolerant design is that which will detect the defect before 
it presents a hazani to safe flight. The inspection interval 
is maintained by humans doing the job manually orw!th 
some form of inspection device. In either case, humans 
and machines are fullible. Ways are needed to make the 
system components less error-prone, and the system itself 
more error tolerant. 

The approach in this chapter is to derermir.e typical 
human/system mismatches to guide both future research 
andshorr-termhuman fuaors irnplementation by system 
participants. Also, by providing a human fuaors analysis 
of aircraft inspeaion, it is intended to make human faaors 
techniques more widely available to maintenance organi
zations, and to make aircraft maintenance more accessible 
to human factors practitioners. 

Error-prone human/system mismatches occur where task 
demands exceed human capabilities. The necessary com
parisons are made through a procedure of task description 
a!td task analysis. Task description enumerates the neces
sary task steps at a level of derail suitable for subsequent 
analysis. Task analysis uses data and models of human 
perfurmancetoevaluatethedemands from each task step 
against the capabilities of each human subsystem required 

TASK DESCRIPTION VISUAL EXAMPLE 

Elalc'Jtr1e Summary 

for completion of that step. Examples of subsvstems are 
sensing (e.g. vision, kinesthesis), information :1rocessing 
(e.g. perception, memory, cognition), and output (e.g. 
motor central, force produaion, po.:;ture maintenance). 

Table 1.3shows a seven-task generic task description with 
examples from each of the two main types of inspections: 
Visual inspection (VI) and Non-Dcstruaive Inspection 
(NDI). 

Given a generic task description, the next requirement is 
to bring human performance models to bear on the tasks, 
and hence form a task analysis. Two ways were found t:> 

perfOrm this. First, the critical human Sclbsystems were 
checked at each task step. Second, observations of likely 
errors, human fuaors improvements, and error-related 
issues were made from observations taken. These led to a 
composite task description/task analysis form as an in
project working document. 

To document the human and system error potential, the 
approach taken was to have the analysts visit several 
maintenance/inspection sites and work with inspectors to 

complete task descriptions of representative tasks. Inspec
tors were observed, questioned, photographed and inter
viewed, often on night shifts and under typical working 
conditions. (The degree of cooperation, enthusiasm and 

NDIEXAMPLE 

I. Initiate Get workcard, read and understand area Get workcard and eddy current 

I 
' I 
I 
I 

i 
I 

to be covered. equipment. calibrate. 

2. Access Locate area on aircraft, get into correct Locate area on aircraft, position self 
position. and equiiJment. 

3.Search Move eyes across area systematically. Move probe over each rivet head. 
Stop if any indication. Stop if any indication. 

4. Decision Making Examine indication against remembered Re-probe while closely watching 
standards, e.g. for dishing or corrosion. eddy current trace. 

5.Respond Mark defect. write up repair sheet or if Mark defect. write up repair sheet. 
no defect. return to search. or if no defect, retuin to search. 

6. Repair Drill out and replace rivet. Drill out rivet, NDT on rivet hole, 
drill out for oversize rivet. 

7. Buyback Inspect Visual! y inspect marked area. Visualiy inspect marke1 area. 

Talble 1-3- Generic Task Description of Incoming lnspa."tion 
with Examples from VJSual and NDI Inspection 
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Chap:erOne 

professionalism of all of our "subjects" was remarkable, 
and reassuring to the traveling public.) 

J .4.1 Summa'Y Fmdings 

There are many plaa:s where Human Factors interven· 
tions can be effi:ctive. This Chapter describes experience 
in applying Human Factors to inspection rasks in manu
facturing industty. In summary these include: 

• Changing the system to fit the opetator. 
1. Improving visual aspects -lighting, contrast, 

target enhancement, optical aids, 12lse colors 
on video. 

2. Improving search strategy- briefing/feed for
ward, aids to encourage systematic search. 

3. Enhancing f.mlt discriminability - standards 
at the workplace, rapid feedback. 

4. Maintaining correct criterion- recognition of 
pressures on inspection decisions, organiza
tion supporr system, feedback. 

5. Redesigning the airc:rali: and its systems to 
improve access, search and decision, i.e. De
sign fur lnspectability (Drury, 1990). 

Changing Inspector 

Initiate 
Training in NDI Calibration 
(Procedures Training) 

Training in Area Location 

• Changing the operator to fit the system: 
1. Selection/placement - visual fim.ction, per

ceptual style (Drury and Wang, 1986). 
2. Training/retraining- cuing. progressive parr 

training schemes, conrro:led feedback 
(Drury and Gramopadhye, 1 990). 

Whenappliedspccificallytoairc:rali:inspection, Tabk 1.4 
showsasummaryofthepotentially-usefulstrategies. They 
range from the simple (such as improved flashlights and 
mirrors fur visual inspection and safe, easily-adjustable 
work stands) to the complc and costly (such as pattern 
recognition-based job aids, restructuring of the organiza
tion to provide feedfc rward and feedback). 

The FAA recognizes that communications and training 
need immediate attention. The aviation maintenance 
information environment (Drury, 1990) complicates 
communication betWeen inspectors and their co-workers 
(e.g. feedfurward information). between inspectors at 
shift change, and between inspectors who find a problem 
and those who must reinspect and approve ("buy-back") 
that repair. Training is largely on-the-job, which may not 
be the most dfectiveorefficient method or wstruction. In 
subsequent years, the NatiJnal Aging Aircraft Research 

STRATEGY 

Changing System 

Redesign of Job Cards 
Calibration of NDI Equipment 
Feedfoward of Ecpea_ed Flaws 

Better Support Stands Access 
(Knowledge and Recognition Training) Better Area Location System 

Locatio.., for i\IDI Equipment 

Training in Visual Search Task !.ighting 
Search (cueing, progressive-part) Optical Aids 

Improve:! NO! Templates 

Decison 
Decison Training(cueing Standards at the Work Point 
Feedback, Understanding Pattern Recognition Job Aids 
of Standards Improved Feedback to l~spection I 

Action Training Writing Skills Improved Fault Marking 

I 
Hands-free Fault Recording 

Table 1.4 
Potential Strategies fot Improving Aircraft Inspection 
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Program (NAARP) and, hopefully, the maintenance/ 
inspection providers need to pwsue both short-term 
interventions based on solutions proven effective in manu
fucturing, and longer-term research to giv-.: defmitive, 
implementable solutions. 

1.4.2 Pb.Jse II Plan 

Phase II of this research task will pursue the overall 
program goa! to create demonstrations of techniques to 
improve human factors in aviation maintenance. The first 
subtaskwill identifY, implement, and measuretheeffeaof 
specificlighting imp="onents used in an ir>.speaion task. 
This research task will ass= the lighting change with 
respect to potential dimination of error and Y:ith respect 
to cost effectiveness. 

A second task under this research topic will address 
methods to reduce error in the calibration and operation 
of a variety of non-destructive inspection test equipment. 
This research will srudythehuman fucrorsaspects ofNDI 
equipment design and vario.JS aspects of training and 
retraining of NDI personneL Finally, this subtask will 
continue to identifY human factors issues that should be 
addressed in the continuing effort to improve human 
performance in inspection. 

1.5 SI1JDYOFADVANCED 
1ECHNOWGYFOR 
MAINTFNANCE TRAINING 
(CHAPI'ER 4) 

Advanced technology training refers to the combination 
of artificial intdligence technology with conventional 
computer-based instr.Jctional methods Oobnson, 1990). 

This chapter reports the status of a project to support the 
application of advanced technology systems for aircrafi 
maintenance training. The first phase of the research was 
to survey the current use of such technology in airlines, 
manufacturers and approved aviation maintenance tech
nician schools. The second phase of the research is build
ing a prorotype intelligent tutoring system for aircrafi 
maimenance training. The chapter defines intdligent 
tutoring system technology and presents thespecifications 
for the prototype. The chapter also describes example 
constraints to the rapid design, devdopment and imple
mentation ofadvanced technology for maintenance train
mg. 

The hurmm is an important component in the commer
cial aviation system that provides safe and affordable 
public air transportation. Much attention to the "Human 
Factor" in the aviation industty has focused on the cockpit 
crew. However, the FAA and the airlines recognize that 
a:rcrafi maintenance tochnicians (AMTs} are equal part-
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ners with pilots to insure reliable safe dispatch. The job of 
theAMT is becoming increasingly difficult as disccssed in 
Section 1.1.2. This is a result of the fucr that there are 
increasing maintenance tasks to support continuing cir
wortbiness of the aging aircraft fleet while, at the ;:une 
time, new technology aircrafi are presenting complex 
digital systems that must be understood and maintained. 
Sheet metal and mechanical instruments have given way 
to composite materials and glass cockpits. These new 
technologies have placed an increased training burden on 
the mechar.ic and the airline training organizations. The 
advanced technology training research, reported here, is 
exploring alternatives for the effi:ctive and efficient ddiv
ery of a variety of aircr..fi: maintenance training. 

1.5.1 Summa'Y Fm~ 

The industry survey showed that there are many applica
tions of traditional computer-based training being used 
for maintenance training. However, r.lc.ere are very few 

applications of artificial intelligence technology to main
tenance training. Nearly all airline personnd indicated 
that current computer-based training was not sufficient to 
meet all of the demands associated with maintenance 
training. The survey also suggested that managers of 
maintenance training are becoming ina=ingly articu
late about specifYing their n:quirements for computer 
software and hardware. Numerous industty committees 
are creating standards that will increase compatibility 
acto5S the maintenance training industry. 

The F M is in the process of modi!Yiflg the regulation 
affecting the AMT schools. Part 147 of the Federal 
Aviation Regulations now recognizes that computer
based training systems are, in selected cases, as valuable for 
trainingastheuseofreal equipment. This change in policy 
is likely to create an increased marketplace for develop
ment of advanced technology training systems. 

During Phase I a prototype training system was built fOr 
an aircra.'i environmental conrrol system. Devdopmem 
of dle environmental control system training prototype 
demonstrated that rapid prototyping is a vety effective 
means to inmlve system users in the earliest stage of the 
system design. The software tools fOr rapid prototyping 
makeitrdativdyeasytocreatereasonableexamplesofthe 
final system interface. However, this prototyping effun 
reinforced the researchers' opinion that the "easy to use" 
tools are good fOr rapid prototyping but have limited 
potential with respect to building the completed training 
system. Subsequent devdopment must be accomplished. 
wir.h programming languages rather than interfuce devd
opment tools. 
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1.5.2 P~ II Plan 

During Phase Il LJ.,e environment control system training 
prototype will bewritten in a programming language. The 
simulation, specified in Phase I, will be written. The 
knowledge engineering process and formative evaluation 
will continue with the technical personnel Theprototyj><' 
will be converted to a fully operational tum-key training 
system. The training system will be the key focus fOr the 
extensive evaluations planned !Or Phase III. 

1-6 STUDY OF JOB PERFORMANCE 
AIDS (CHAPTER 5} 

1bis research was designed to provide infOrmation for 
government and industry managers in their effons to 
assess the utility and implementation of job-aiding tech
nology. Thereweretwo areas in this rc:search task -aviation 
maintenance assessment and technology assessmenL 

The fim res=ch area sought a user's perspective on job 
performance aids OP&). Current approaches to comput
erization and job aiding in aircralt maintenance were 
investigated. A survey was conducted to determine the 
relative levd of automation at 25 airlines. Systems were 
observed during various phases ofdevdopment and work 
force reactions were determined. The needs of the main
tenance technician were assessed and an overall under
standing of the maintenance process w-.s obtained. 

The second area focused on technologies. A survey was 
conducted to determine the C!pability of existing JPA 
system<. The state-of-the-an in computers and in related 
technologies was ass ""SSed. Current approaches to system 
integration were identified. 

The research documented the challeng<5 fucing aviation 
maintenance and the current approaches to utilize tech
no!ogyinmeetingthosechallengcs. 1bisinformationwas 
obtained fiom four soun:es: 

• Airlines - managers, data processing specialisrs, 
AMTs 

• Industry representatives - groups such as the 
ATA 

• FAA- maintenance managers and inspectors 
• Manufacturers - cu,;-romer support, designeiS 

Aro::ss to these individuals was obtained through partici
pation in numerous industry fOrums and sire visits. The 
site visits lasted from two hoUIS to one week. Information 
was collected through informal i.merviews and observa
tion. Tne researchers participated on a non-interference 
basis in the normal conduct of aircraft mainrenance. All 
shifts of o~on were observed. 

Information was collec.:exl. through surveys, expert assess
ment, and literature research. A surv-ey of existing JPA 
systems was conducted. The focus of the JPA survey was 
on computer and microprocessor-based systems used 10" 
information ddivety, processing. or storage. In addition, 
applicable technologies not yet incorporated in systems 
were identified in anticipation offuture systems. The goal 
of the survey was not ro find the system that would 
"revolutionize" aviation maintenance, but to assess the 
overall extent and characteristics of what has been done 
and what is possible in terms of job aiding. TI1e informa
tion was collected through extensive database searches, 
tdephone discussions, and site visits. Several "new" 
technologies were investigated in computer displays, mi
croprocessors, stor2ge, and input/output devices. Finally, 
two small experiments were conducted to assess the 
realities of devdoping databases and graphical "-"!r inter
&ces (GUI) for job performance aids. 

1.6.1 Snmmaty Fmdings 

The findings are divided into three areas: 

• Maintenance automation 
• Technology assessment 
• Systems integration 

The areas representwhar exists. what is possi!>le, and how 
to transition between the two. The findings on mainte
nance automation ::ysrems describe the status of mainte
nance automation, how they are designed, justified, les
sons learned, and trends for the future. The technology 
assessment findings provide a realistic assessment of the 
utility of technologies in terms of cost, function, availabil
ity, and complc:xity. The focus of the systems integration 
findings is information on how to integrate hum:ms into 
the various systems. 

1.6.1.1 Maintenance Automation 

The process of lidding maintenance automation has 
largdy been one of computerization. The statistics main
tained on aircraft have grown exponentially. The basic 
structure used !Or the paper methods has been transferred 
intact to the computer approaches. This was necessaiyto 
ease transition and avoid extensive retraining that might 
be needed with a new approach. Most maintenance 
operations now ux computeiS to ttack par.s and aircrait 
status, and many organizations are moving computers 
into !Oreca.<ting and other decision aiding functions. 
Effons to computerize have reached a plateau, and only 
the most profitable airlines have data processing people 
a<."tively devdoping major new systems !Or maintenance. 
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1 '5.1.2 Technology Ass ment 

The survey ofjPAs identified over 150 job performance 
aids devdoped during the last ten yea.-s. More than half of 
the developments were sponsored by the Deparunent of 
Defi:nse (DoD). Fewer than twenty systems are still in 
active use or devdopment, and another twenty were 
searching for a sponsoring application. The remaining 
were shelved fur reasons that us.Jaily involved lack of 
funding. 

There are several sua:essful ]PAs, and the survey findings 
do not imply that JPA development is unfeasible. The 
surveydidsuppontheneedroramorerealisticassessment 
ofhow soon JPA technology can be applied to commercial 
aviation maintenance. 

1.6.1.3 Systems Integration 

Based on technical functionality, most of the computer
ization efforts for aircraft maintenance and JPA develop
ment efforts by the DoD were successful. Unfonunareiy, 
technical functionality is not good enough. Humans 
remain the engine for most complex systems. Even auto
matic test equipment (ATE) is dependent on humans fur 
planning, design, manumctmer, installation, and mainte
nance. Approaches exist that incorporate Huma!l Factors 
and these should be considered. 

1.6.2 Phase II Plan 

The next phase of the research on job aiding will identify 
a candidate technical domain in whicb a computer-based 
intdligent job aid can have potential to increase mainte
nance effectiveness and efficiency. During Phase Two the 
research team will work with an aiditle to identifY a 
candidate domain and construct a system prototype. 
Currentplansareaimedatusingaportable,expertsystem
based job aid that has been developed in a non-aviation 
industty. Thencoa:phaseoftheresearchwill focus more on 
the specification and development planning than on 
completion of the job aid fur an operational aviation 
maintenance envd-onmenL Sewell and Johnson (1990) 
have described how prototype systems can be used for 
system design and developmenL The intdiigent job aid 
prototype will be used for concrete systems specification 
fur Phase III devdopmenL 

1.7 HUMAN FACTORS IN AVIATION 
MAINTENANCE- THE 
CONFERENCES 

The combination of !actors described in Section 1.2 
highlights the importance of communication among all 
entities involved in the aviation maintenance system. 
Broderick (! 990) suggested that industry communica
tion "ties the maintenance operation together and, in f..ct, 
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is the thread that runs through aviation sarery from any 
point of view ... ." This projecrwas a direct intervention to 
present Human Factors infOrmation to the aviation main
tenance community, and to provide a forum for direct 
interchange of rdevant information between syst~m par
ticipants. This sub-project organized a series of Human 
Factors seminars for persomid associated with aviation 
maintenance. 

As noted in Section 1.1, the air carrier industty in the 
United States can be viewed as a three-legged stool 
consisting of the aircrafr manuf..cturer, the airline opera
tor, and the regulatory agencies, principally the Federal 
Aviation Administration. Forcarriermaintenancetowork 
as it should, communications among these three elements 
must be efficient and meaningful. The cross braces in the 
stool represent the communication. 

TheFAAandindusttyhavenotedaneedrodevelopsome 
othermecbanismstofosterreadycommunicationsamong 
airline operators, aircrafr manufucrurers, and the FAA. 
Thisshouldexistinsomeformthatwould>llowmembers 
within eacb of these three groups to understand the 
current thinking of members of the other two groups. A 
free exchange ofinformarion should be allowed concern
ing maintenancetecbnologies, procedures, and problems. 

The Federal Aviation Administration, on reviewing the 
success of the 1988 meeting, established "series of meet
ings to address "Human Factors in Aircrafr Maintenance 
and Inspection." The purpose was to foster communica
tions among all segments of the aviation maintenance 
community. To dare, fOur meetings have been held. 
While the first meeting in 1988 explored the full range of 
maintenance problems, eacb subsequent meeting focused 
on a specific Human Factors issues in order to obtain 
greater depth of coverage. 

The four meetings in this series held thus far are: 

H1111UZ1J FlldoTs Issues in Aircraft Maintenance mztl 
Inspection 
Alcxand.;a, Virginia, October 1988. 

Presentations were made concerning maintenance 
issues and human !actors ran1.ifications by represen
tarives of aircrafi: manufacturers, airline operators, 
Ll-,e FAA, technical training schools, and others. 
Three presentations described the discipline of hu
man ooorsand irs potential contribution to aviation 
maintenance. 

Human Fm:tors Issues in Airt:raft Maintn-.m:ce and 
Insp«tion - ln.fornuuiqn Exchange ar.d Communica
tions 
Alexandria, Virginia December 1989. 
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This meeting focused on problem; in the exchange 
of maintenance infOrmation and possible improve
ments in infOrmation management and indusuy 
rommuni=ions. Considerable anention was given 
to new technologies which might suppon industry 
communications. 

H1l1tlll1l FIIEilm lmles in Airt:rtrft MAintm~~na muJ 
Inspectitm • Trtdning bntes 
Atlantic City, New Jersey, June 1990. 

The purpose of this meeting was to review the status 

of mailltenance training for the air carrier indusuy, 
toconsiderproblemsfucingthoseresponsiblerorthis 
training, and to learn of new training technologies 
undetdevdopment. Some of the presentations illus
trated new technologies now being brought into use 
in aviation maintenance. 

H1l1tlll1l FIICIDrS Issua in Aircrtrft Mizintm~~na muJ 
Inspectitm • 171e AWmon Mllintmam:e Technickn 
Alc:xandria, Vrrginia, December 1990. 

The meeting dealt with the aviation maintenance 
workfOrce. Presentarionsdealtwithacquiting, train
ing, and maintaining an effective workfOrce. The 
likdyimpact of changing national work force demo
graphics was explored. The impact ofmganizarional 
factors on avi~on maintenance was reviewed. 

Anendees at each of these meetings have rommented on 
the value of the meetings as a communications medium 
fur the air carrier maintenanc;x, rommunity. 

1.7.1 Phase II P1an 

There will be two workshops ronducted during Phase II. 
The first, scheduled for June 1991 in Atlanta. Georgia, 
will address Human Factors in theaviationworkenv'.ron
ment. The second meeting will be in Washington, DC, 
during January of 1992 

1.8 ADDITIONAL RESEARCH 
ACIMTIES 

The research progra:n is commined to be responsive to 
Human Factors issues related to proposed rule changes, 
new policies, Airwonhiness Directives and/ or Service 
Diffirulty reports. 

1.8.1 Electronic Document 

One of the projects scheduled for Phase II is the develop
ment of an electronic database of .-.11 publi=ions and 
presentations from Phase I of the program. The electronic 
document will capitalize on hypertext software technol
ogy. This research will go beyond the mere digitization of 
documents. The project will emphasize a document 

format and electronic interface that will provide greater 
capabiliry than is available with hard-ropy documenta. 
tion. The project will create specifications fur the elec
tronic publishing of all past and new project-related 
documents. At _..., completion of the project the docu
mentation will be avail2hleon onerompact disc read only 
memory (CD ROM) disc 

1.8.2 Handbook on Aviation Mainteru:nce 
Human Factors 

During Phase II the research team will outline and 
prototype a handbook on aviation maintenance human 
fuctors. The handbook will offer basic and applied prin
ciples roveringall issues ofhuman perfOrmance in aviation 
maintenance. The handbook will be useful to all who are 
responsible for planning, managing. and ronducting 
maintenance. It will include, as an example, the following 
kinds of topics: workplace requirements, workplace envi
ronment, human capabilities, workplace design prin
ciples, training design and practices, and othertopics. The 
handbookwillfullowformarsusedinothersuchcompen
dia (Boffand l.inroln, 1988; Parker and Wesr, 1973). 

1.8.3 The National P1an for Aviation Human 
Factors 

The Federal Aviation Administtarion, in ronjunction 
with the National AeronautiCS and Spa<:<: Administration 
(NASA} and the US Department of Defense, conducted 
an extensive series of workshops, during 1990, to create a 
National Plan for Human Factors. One of the subgroups 
of the Scientific Task Planning Group was dedicated to 
Human Factors in aircrafi maintenance. 
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Chapter Two 
Maintenance Organintion 

2.0 SUMMARY 

This study recognizes the considerable strengths of the 
airline industry's maintenance flight safery efforts. It offers 
suggestions for additional research, and it describes some 
possible areas for funher improvement. It ;epresents a com
bined picture of maintenance management and organiz:>
tional behavior in eight U.S. maintenance operations 
including small and large aircarriers and repair stations. 

The sample used for this study was necessarily limited. The 
findings, therefore, must be understood as indicative only, 
and not conclusive. 

--:bestudywasundertakenfortheputposeofbeachmarking: 
to e"timate the effect current organization and mwagement 
practice may be having on the work practice; of mechanics, 
inspectms, and schedulers, and on their anirudes and mo
rale, and how those, in turn, may affect safery and work 
quality. These factors do, in fact, show a dose relationship 
one to the other. 

While there was found considerable variation among these 
fuctors from one carrier to another, none was seen to have 
reached the point of compromising air-safety. This is an 
impo•tant finding for the industty, affirming its long.stand
ing commitment to safe air travd. 

Throughout the course of the stUdy the people observed 
were seen as serious about their work, dedicated, well
meaning, and bright. Everywhere in the industry, employees 
dearly showed their desire to do their very best for air safety. 
Their commitment is reflected in their excellent perfor
man'Oe record. 

At several sites, employee morale and coordination of the 
work were round to be below the optimum. Based on r.'-le 
results of this study, the ti.rndy and careful adjustment of 
certain praaices, structures, and norms might be an early 
prudent step to positively affect safety in the future. 

For those who see in these findings confirmation of their 
own careful observations and conclusions, action may be 
taken with a fuirly high degree of confiden= For others, only 
a more-broadly based, more thorough-going research effon 
or direct evidence of su=ful managemem changes and 
intervetltion will be comincing. 

The present study sets the stage and suggests avenues for 
additional research and action. 
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2.1 INIRODUCI10N 

The excellent safety record ofU.S. airlines is well established. 
A General Accounting Office {GAO) report states that 
"acc;d<llt rare data ... have improved over the last 20 years 
:md that U.S. airlines have a lower accident rate than airiines 
in the rest of the world" {GAO, 1988). 

Measuring the effects of maintenance on safety. Measures 
of safety other than accident rates have been app!ied with 
mixed results. Financial data may prove useful, but current 
reporting procedures for maintenance costs present difficul
ties in comparing companies within the industry. Airlines 
differ in their labor costs and accounting practices, and in the 
age of their fleets. Such difference; make comparisons sus
pect. Because the Department ofT ransponation {001) 
does not require smaller airlines to repon maintenance costs, 
these companies cannot be compared on this basiS at all. 
New measures of current safety conditions would be useful. 

Measuring and comparing airline maintenance qu:llity is 
obviously imponant. The present major method of deter
mining maintenance quality is to assess the degree of adher
ence to {or devi:>tion from) the Federal Aviation 
Administration- {FAA) regulated maintenance programs. 
This approach does not measure the outcome c · mainte
nance efforts, but instead rdie; on the assumption that if 
programs are followed quality will result - in short, it is a 
measvre of practice, not outcome. 

Current interest in programs to measure and improve prod
uct quality (e.g. the Department ofDefense {DOD) empha
sis on "Total Quality Management") is beginning to be 
reported in the airline industry, {Doll, 1990), but such 
programs are apparently not widely applied yet. Comparable 
measures of maintenance quality, then, are still in the future. 
Measurement of maintenance related problems would pro
vide a viable avenue to assess quality, but the available 
mechanical-reliability and unsafe-incidents data bases are 
designed to trackshott-term, not longer-term, trends {GT A, 
1988). Thus, the currently available measures of m:cinte
nance on safety do not satisfY the need for measures except 
for historical accident data. 

Measuri.-1g and comparing human fuctors. Despite recent 
conclusions that human factors in maintenance {and man
agement practices specifically) can influence the judgement, 
attitudes and skill of 3viation maintenance personnel (OT A, 
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1988) little research or acrion in this area has been reported. 
As will be described in further d->tail in the secri<>n on prior 
research, there is vety little published about human fuctors in 
aircraft maintenance at cither the individual worker or 
orgaaizationallevels. 

This study is an initial effort to estimace the importance of 
organizational and management aspects of maintenance on 
mor.Je and motivation, communication patterns, work
related behaviors, and quality of work for aircraft mainte
nance personnel (AMP). The results of this preliminary 
study suggest that links erist between organization, rommu
nication, at"..itudes and quality of work. Much more difficult 
to establish, but impo:tant to assess, is a link between quality 
of work and flight safety. That link was not intended to be 
validated within the srope of the present study. 

2.1.1 Probiem Ddinition- The Changing 
Environment fur Aircraft Maintenance 

Deregulation as a force increasing complexity for mainte
nance. During the initial years following airline dereg..Uation 
(1979-1984), U.S. c:uriers' data reported to DOT indicated 
that a lower p-..rcent;;tge of operating funds was spent on 
maintenance than had been the case in prior years f0T A, 
1988). GAO noted recently that by 1988 the reported 
amount spent to mai!ltain and repair aircraft was almost 
double the 1984levels, and that current U.S. repair ability is 
operating at near full capacity (GAO, 1990). Such swings in 
maintenanceecpendi,<JreS, by themselves, place pressures on 
maintenance and inspection personnel. In anomer report, 
the GAO (1988} listed the following, among othe1S, as "risk 
pream:ors" (their signs of problematic safety compliance) in 
U.S. air carriers: major route expansion, fleet expansion {due 
in pact to mergers and acquisitions), industrial relations 
conflict (which can acoompany mergers), and strained fi
nances (complicated by intense competition and unstable 
fuel prices). Few U.S. carriers can claim the absence of thc:se 
signs. 

The additional problem of aging airaaft. Recent aging 
aircraft airworthiness directives (ADs) have been said to bean 
impmant stimulant to increasing short-term demand for 
.,;,.lines' need fur maintenance {GAO, 1990). In the past 
deca:!e the mean age of jetliners has risen 21 o/o to about 13 
years. With high altitude pr-ssurized aircra.l! the number ot 
flight cycles (one cycle includes a take-off and landing) is as 
important to age as yezs. Depending upon the specific 
modd, aging aircraft are ddined as those with more than 
40,000 cycles. The G.l\0 report note; that the rost of 
rompliance with aging ~rcrafi ADs may total $2 billion to 
sustain and extend the life of this aging fleet. 

Inspectors and mechanics need to identifY and deal with 
futigue cracks in these old aircrafi {especially myriad small 

cracks adjacent to one ==''10ther! called. "'multi-site damage, or 
MSD") and corrosion in fuselage an:as. This attention 
requires new infoi11'!ation, skills, and time in acldition to the 
aormal work load. Dema.,d for both airplanes and rnainte
na!lce personnd continues to go up. 

Organizational communication as it relates to mainte
nance. Attention to the human factor in maintenance is 
growing, and that human f..ctor in aircraft mainte..'lance is 
more than an individual who follows orders. In maintenance 
work, the human has ofien been characterized as "the tech
nical system"-and this is not inappropriate. In this role, an 
inspector or m::chanic ("inspecting") searches fur flaws/ 
defucts and decides when they have been found. Afi:er 
searching md locating it, the flaw ;. repaired in a planned 
sequence. This search-decide-plan-repair sequence is the 
"human factor as t~ical system" in maintenance systems 
of many industries. 

With the imf--<>rtance and logic of this technical system view, 
a romplernentatyview, that of the "human-f:.~or-as-social
systern" risks bcing ignored unless a conscious effort is 1nade 
to include it. L1 this social systems view, the web of rdation
ships among all the parties involve£ comes into focus in 
serting and strengthening expectatior.s among them. 

The social system is thus a set <'f expectations (sometimes 
positive and constructive, and sometimes ronflictual and 
destructive) 'l'ith others in the workplace, elsewhere in tte 
organi=ion, and with outsiders. 

Ma112gement by design. Ofien managers (still) feel capable 
of making significant organizational decisions based on 
intuition and experience. But the tasks of organizing aircraft 
maintenance today have become extremely romplex. 

Among the organizational forms t.'>at have been used suc
cessfully in the past is assigning not only inspection and 
maintenance to separate depa.-nnents, but sq>arating mate
rials, tools, shop repair of romponents, planning and sched
uling from maintenanceaswdl. 0rga'lizinginto "function:ll 
silos" this way, strictly by application domain or function, 
m:ty ·.vel! :Ufect: maintenance system's abilit;y to assure safrt;y 
of flight through efficient, coordinated, motivated and in
formed action by people doing the work. 

A parallel organizational form cfren found in aviation main
tenance ignores functional differences altogether [except 
where required by Fooeral Aviation Regulations (F ARs)] and 
relic; on t.loe "master craftsman's" technical skill and rompe
tence to determin~ and carry out the work. In today's 
complex maint~nanc.c environment, the funa}onal silos, or 
master craftsman structures, that have proven adequate in 
the past may be breaking down in the present. 



The safety record of the aircraft maintenance organization 
has been admirable. But it may be possible to achieve t:ven 
higher performance, with higher morale and more efficient 
work c:o<>rdi.'lation. To do so, however, would require more 
than minor improvements on the curn:nt system, which 
seems to already work about as it was designed to. Instead, 
the maintenance system would require redesign, eliminating 
or modifYing sub-department boundaries so that the people 
co~d work more easily together in controlling key technical 
variances. 

The central purpose for any such redesign would be to better 
enable maintenance personnel to control variances where 
they occur, and before they exceed stated limits. An effective 
redesign would save time, monq, and effon as well. Prior 
research shows that such an approach, widespread in other 
industries, could usefully be applied to aviation mainten:mce 
(f aylor & Coner, 1983). 

2.1.2 Statement of Objecrives 

To improve s:ofety, it is imponant to improve quality. To 
improve quality we must understand employees' S' .te of 
mind and th~ organizational and management aspects most 
affecting that state. This study was directed at identifying 
these imponant asp= in aviation maintenance. With the 
suppon of the FAA, the study undenook field research as a 
rapid diagnostic tool to under.;tand and describe the netWork 
of relationships, commitments, loyal tie;, and motivations of 
all roles in air carrier mainten:mce. 

lbis study used observation and semi-strucrUled interviews 
with a sample of member.; in significant roles in the heavy 
maintenancesystem. The non-management employees r1os
est to the aircraft, during overhaul, are the airframe and 
powerplant (A&P) m~ochanic, the aircrafi inspector, and the 
maintenance planner/coordinator. The>e thrct roles are of 
special interest in the present study. They are in contact with 
one another, and together with t.'Ieir supervisor.;, they have 
the front line responsibilir; for heavy maintenance. Tnrough
out this chapter they will be referred to as aviation mainte
nance pe=nnel (AMP). 

lbe focus of the study includes not only AMPs but their 
contact with their unions, their supervisor.;, technical train
ers, produaion planning managers, maintenance managers, 
engineers, and others suc..l-t as ma.,Iufacturers' representatives 
and FAA inspector.;. The object of these observations aad 
interviews was to begin to describe the systems of coordina
tion and cooperation used to accomplish safe and effective 
aircraft maintenance.. 

lfattirudesandstateof mir.d arc influenced by how theA\.1P 
af(" mganized, directed, coordinated and ~ommunicated 
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with, arc the differences across the industry broad enou;;h to 
cause notice? Such differences em funher be used to identifY 
some innovative, insightful and appropriare alternative styles, 
praaices, and rumpany cultures. The result of this study is 
general recommendations to the indust.y (where possible 
based on best praaices), in the "n<>rma!" maintenance, 
scheduling, and inspection process, as well as in management 
style and support aaivities. 

2.1.3 PriorR£search 

A recent search of published references &om the 12 year 
period 1976-1988 yielded only 15 paper.; on human factors 
in aircraft maintenance. Of those found, many dealt with the 
physiology ofhumaJl response. Examples of these include 
discussion of the effe..1: c!'location, shape, or convenience of 
cockpit controls serviced b; mechanic:s (Schmin, 1983). A 
rew studies discussed the whole peroon in context (Lock 
&Strutt, 1981; Strauc.'I & Sandler, ; 984). 

A recent article described a maintenance system with d<rli
catoo teams for each 747 aircrafiwhichjapan Air Lines (JAL) 
instituted in 1985. Individual kizukitearm; (it means "cir
plane crazy"), typically 15 engineer.; and AMPs each, were 
reponed to be responsibl~ for over.;eeing the cond;tion of 
one ofJAL's 747 aircraft at all times, regarcl' -.,;of where it 
may be (Ramirez, 1989). J'Jthough repc · -. i in glowing 
terms no specific re;-u!ts or costs were relato.l. 

Accounts of successful team-based aircrafi maintenance or
ganizations have recentiy lx:en reponed ir. th~ U.S. Air force 
(Roger.;, 1991). Improvements in results measured through 
a series of maintenance effectiveness i:1dicators are reponed. 

Use of new technology. One reference described and re
poned technical advances in militaiy aircraft engine design 
that were developed to make field maint~nance duties "sol
dier-proof' (Harvey, 1987}. That reference to eliminating 
the human fuctcr through technology (or at least as much as 
possible) is an alternative to the notion of a system of 
informed decision making and cooperation (cf., Diehl, 1990). 
Based on experience in other U.S. worksites (e.g., Sloane, 
1991 ), it is assumed that radical automation which replaces 
human decision making with machines isn't nec.:ssary (a.-.d 
may be suboptimal) where AMPs can provide timely and 
informed judgcmtnts based on an understanding of the "big 
picrme." 

Technical advances can be adapted to strmgthen the main
tenance system's huma1"1 rcsrx>nse to its complex world. For 
instance; one air carrier reported reforming a rule-based 
maintenance software system; originally intended ro direct 
mechanical work, into a supplemental decision support tooL 
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The results included re:aining the cosr benefits of the former 
system while improving maintenance quality and mechanic 
sarisi3ction (Mayer, 1987). A spokesperson fur the carrier 
said that this morm has changed the "expert [computer] 
system~ into a {romputer] "system for experts. • 

2.2 THEORY AND MEniODS 

2.2.1 The Racarch Methods- Procedures 

Site visits. Eight U.S. air carrier and repair station mainte
nance operations we~e visited. The choice of U.S. mainte
nance sites was based on v.ario:! carrier size [mclud:ng 
comm:.ner !me carrios), and varied location in the 50 states. 

The specific focus of the study was the maintenance and 
in'f"'Ction work proass as it !dates to snuaure (primarily 
fusel...age) repairs in llging aircrafi.. This focus includes man
:ogemenr pzacrices "' :hey may affect the pracric::e of aircraft 
maintenance, panicuhorly as they rdate to the aging fleet. 
"Ibis sample included so called "heavy," or hangar mainte
ruma:: only. In partirular, the "C' level maintenance check 
provo:! iO be the ideal intensity of overhaul for the present 
investigation. The Cc:heck was ideal because it takes long 
enough {uptotwow<>::ks) to reveal panernsofeommunica
rion (which are more dif!ieultto obsetvewith the vario:! :md 
short jobs on the flight line), bur short enough so that a visit 
of two to fOur days samples a sizable sq;ment of it. The C. 
check is the thinl-levd mamtenance check fur an airaafr, 
usually done once a year or alier about 2.000 flight cyd ·'"-

Each company sitevisic bsted two to fOur days. Investigator 
imp= on employ= and management was purposefully as 
slightaspossible. Theinvescigatorworkc:dlargdy~ 
and was present on night and evening shifts as well as dur.ng 
the day. Every dfun was made to insure minimum disrup
tion at theworicplao:. 

The identity of results obtained from the individual compa
nies ag=ing to pafficipate was promised to be hdd perma,. 
nendy confidential. In addition, data r<p<>m and sumrmuies 
would not reveal the identities of individual persons inter
viewed or observed. 

Devdoping 1he interview fOrmat. An observer/interviewer 
protoco! wz aearo:! to aid in collecting and understanding 
mainrenance :,ysrem communication dara during site visits. 
This protocol was not intended to fOrm a strucrure:l iot-'£

viewsurvey,sincemuchofthedatasoughtrouldbeohtained 
through obsetvarion. This protocol formed the anchor or 
struaure !Dr obtaining the dara described below. 

Obtaining site access.. The liaison to the Air T ranspon 
Association {A TA) Engineering Maintenance and Material 

Council hdped provide access to six of the research sites used 
in the present study. A=:ss to the FAR Part 14 5 rcp>ir 
station and one of the regional carrios was obtained through 
the cooperation of the FAA Office of Hight Standards. 

Four additional maint=ce sites were approached for 
participation in the study, but could not be visited in the time 
frame of the study. In all cases the airline executives ap
proached were exrremdy busy during tbe period of t.J.,e dara 
collection and this preoccupation ref!eued intense activity in 
their oJgaJrlzations. This period of overloai was the domi
nant reason that more heavy maintenance hang:us were 
unavailable for obsetvation. 

Collecting 1he interViews. The interviews began with the 
first site visit in February 1990, and ronduded in August 
1990. Over 250 technicians, supervisots and managers were 
observed or interviewed. In total, 120 AMPs were observed 
and mer with, 65 fOremen or supervisots were observed and 
interviewed; and 80 othcr infOrmal discussions were hdd 
with engineers (or other professionals), superintendents, 
manag=. and higher executives at the sites. Most interviews 
we~e ronducted at the workpla= All data rolleaed are 
ronfidential and the n:rmes of the interviewees and the 
company were not disrussed with oclters. 

Accounting for Potential Soom:es of Error. The interested 
reader may wonder about rhe effects that observations of 
managers and AMPs have on the quality ofthedatacolleaed 
in a 5t1ldy such as this one. Such rontamination, when it is 
fOund, is otten ealled the "Hawthorne effect" or "experi
menter effi:ct. • 

This concern can be addressed by describing the probable 
octent and severity of possible contamination. For inst:mce, 
AMPs may want to ~ what they believe the investigator 
wants to bear, or behave in a way untypieal of usual behavior 
2IWOrlc.. 

The issue is whether the presence of an invesn.,aaror on the 
har.gar floor fur sa'eral days does or does not substantially 
change work perfO;:mmce, or the manner or frequency of 
contaCt among mechanics, inspu:::"~ plann=. fOremen, 
engineets :md othetS. It needs to be emphasized t.':at al
though r.::spondenrs were asked ro repon evenrs or results of 
events that had passed. the major focus of this research was 
the direct cr!>servarion of what they were rurrently doi.">g on 
the job, on a normal day, on an aging aircraft in the hangar 
for scheduled annual inspection. 
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With respect ro rhevaiidity of the observations, it is difficult 
to believe that significant number ofindividual AMPs rould 
substantially change their behavior during the visit. It seems 
even less likely that a fOreman or manager could or would 
sudderJy change the work ass'.gnment or coordination pat-



terns ofhis ctew. Finally it would not be likely that ingr.Uned 
wmk habits could be postponed or deferred until mer the 
investigator had left. 

Thevalidicy of answers giver. to the investigator·s qu&ions 
is presumed high as well. T jfically, qnestions had to do with 
the content of an interchange between people, and multiple 
parties were uswlly asked about the s:une rransaaion. Other 
questions related to motives or feelings about behaviors of 
sdf or others. Such motives and attitudes arc expected to vary 
among people, but the interes:: in the present study is on 
commonalities among AMPs. Thus motives or a..'tirudes are 
not reponed unless the same or similar data had been 
collected fiom a number of people ar the same site. 

In each site visited, the investigator first introduced the 
purposeofthestudyto local management. That purpose was 
described as • establishing a baseline of technician beha~ior," 
as wdl as job and organizational characteristics. Afier that, 
foremen on each shift were in rum introduced ro the study. 
Theircooperationinpermittingtheinvcstigatortoapproach 
their subordinate technicians was sought. The purpose of 
these visits was continmlly enunciated. Considerable time 
was spent hdping the respondent (AMP or foreman) feel 
comfor.able with the approach. Afier several days of the 
investigator's rerum to the same shifis, most respondents 
expressed comfun with the investigator's presence and with 
the purpose of the study. Once at ease with the intent of the 
study, AMPs and foremen then carried on their jobs, with 
oth~ as on a normal day. Theywerevelj'willing to explain 
or dario/ the reasons or purpose of their acts, interactions or 
beha\-iors of themselves or others that the investigator could 
not or had not seen. 

Thisdaracollectionthen,wastypicallyseenasaneutralevent 
and a mild cltange in routine for respondents. In some cases 
technicians, foremen or managers expressed interest in see
ing the resulting repon. Departures at the end of a visit were 
always warm or ar least rotclial.. Call-backs were made to the 
managers at several sites. In no case was negative feedback 
obtained -the visit had been a neutral event. 

There exists one coincidental source of data which confirms 
that the method of dara collection used is not stressful or 
ronfounding. These dara result from the occasional overlap 
in sites sampled between the present study and the Job Task 
Analysis (JT A) described in Chapter 3. The srudy described 
in the present chapter followed the dara collection at three 
sites used in the JT A In all three, special attention was paid 
to r.'le possible effects of a slightly earlier visit by other field 
investigators. The JT A sm..;y had been of inspection depat·t
ments only and the study in the present chapter deals with 
the roral heavy maintenance S}-stern (as fur as it indudcs "C" 
checks). Thus there is only partial overlap in the people 
interviewed or observed at a given site. When speaking with 
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inspecton; in these sites they said either that they remem
bered rhe pre\-ious vis!t with pleasure, or tat they hardy 
remembered it, or only recalled being told about it ("it was so 
brief," rook so little of their time, didn't come up in convcr
sati-:>:1 with others, or WdS just "one of many" distractions 
passing through the hangar). In no case was r.'1e JTA study 
visit recalled with suspicion or derision. It is extremdy 
doubtful (given all of :his) that technicians or foremen had 
been able orwilling to substantially alter their uswl behavior 
on the job simply because investigators were there, observing 
a typical day. 

2.2.2 The Organizational Modei- Socio
tedmi'21 Systems (SfS) 

Socio-technical Systents (STS) is the organizational model 
used in this study to describe aviation heavy rnainten<mce 
system. STS was de-;eloped to help understand purposeful 
workS}'Sterns in complex, en\-ironments. STS assesses" good
ness of fit" among people and technology as they respond to 
their environment in attaining systems success. STS analysis 
combines a technical S}-stems view with asocial systems view 
to caprurethestrength ofboth (f a}1or&Asadorian, 1985). 
STS is a theol}' and practice of organizational devdopment, 
in use over40years and applied in a wide variety ofindustries 
world-wide. 

The phases of STS analyses. STS analyses adhere generally 
to a series of steps or phases. Although t.'1ey may dif!er from 
project to project in precise terminology or serial order the 
phases may be described as follows: 

I) Gearly defining the system's purpose, its values, its 
objectives, its boundaries, and its salient enviror.ment 
-The System Scan. 

2) ldenti!Ying the critical or key variances in the product, 
or throughput, which most determine success in meet
ing objectives and thereby pursuing the basic mission 
-The T..chnical Analysis. 

3) Examining the role relationships among the sy.tem 
members or employees in controllingthekey,'afiances 
and in cooperating otherwise for the survival of the 
system -The Social System Analysis. 

STS begins in the system= with the purpose or mission of 
the enterprise (in aircrm maintenance the purposes of the 
maintenance and engineering S}-stems should be consistent 
with the overall mission of the company), and examines the 
degree ro whicit there is a common language and common 
product for r.'lis p•orpose throughout the whole maintenance 
ncnvork. Examples of possible questions revealing mission 
include: Is the airline the "most profiuilile," .. the biggest," 
"'the cheavest," "the business flyer's airline~" the "hes::: v:-.!<.!e," 
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the "safest," the "highest quality" (either in aircraft, or in 
service), the "most reliable," or perhaps the "most visible 
carrier in its ma.rla:t?" 

Public starernents of such mission stateruents (including 
communications to employees) are=remelyrare in the sites 
sampled. Some airline missions are directly addressed by 
maintenance performance objectives, but .nany are not. Of 
cowsesafetyandaircrafrqualityaremaintenancedeliverables, 
but it is unlikely that any air carrlets, in any countty, single
mindedlyandecdusivelyputsuetheseendsalone. It is logical 
to ecpect, in many cases, that maintenance remains "the 
place where highest mechanical safety is pursued :It the most 
teaSOnable cost. • If this is true, there is little to engage the 
average AMP with the company's overall mission and goals. 
He or she "bdo~," then, only to a maintenance shop, 
divorced from the latger purposes of the airline- purposes 
which could help provide a sense of context, meaning. work 
priorities, and congruence between maintenance and the 
company as a whole. 

An =unple is available to illustrate how a public, visible (and 
presumably believable) airline mission can be connected to 
heavy maintenance activities. The Japar Air Lines "kizuki" 
concept of a dedic:tted maintenance team per aircraft has 
received heavy advertising exposure during 1990. It is inter
esting to note from the magazine advertisements that JAL is 
proud of its "on-time departure record," and that "kizuki ... 
obsession with 7 47 performance has helped maintain that 
record." While similar mission-driven innovations have led 
to well-documented successes in Japan's :nno industty -
and to various industries in America and Europe as well
nohatd numbers onJAL's kizukisystern ar>eyet in the public 
domain. Perhaps they never will be. Some U.S. companies 
(Proctor & Gamble, for one) hold the details and results of 
ateamsystemapproachvetyclosetothevest,onthegrounds 
th:tt it gives them a distinct competitive advantage worth 
protecting. 

Given purpose or mission, it is also necessary to be clear 
about the d,-liverable or output from maintenan= Is this 
output consistent with and in visible pursuit of company 
purpose. or is it at odds with the larger enterprise? These 
comparisons are made during the srs "technical analysis." 
The technical system analysis explores the question: "what 
h2ppens to our aircraJi as they pass through our maintenance 
systems again and again?" The answets are important to 

undetstanding the maintenance function as a system, be
cause they focus on the results of the work instead ofjust the 
functional and organizational specialties surrounding the 
work. 

Key variances (an SfS concept defined as f..ctors in the 
product throughput, wh_ich determine success in meeting 
objectives and thereby pursuing the basic mission) inaircrafi: 

overhaul, as in any technical system provide priorities for 
understanding complex work. They are ofi:en interrelated, 
they always reside in the system's throughput, and they can 
be ecpeaed in the process of a "normal" day. 

Examples of technical variances in aircrafi: repair include the 
full owing: 

Time roquired for repair [the longer, the greater 
priority to start with it]. 

Pans availability [KientiJYing what needs replacing 
early enough to order it cheaply or preclude delay of 
repair beyond the norm]. 

Nature and/or atent of Haw, defect, or damage 
[more complexity requires special skills, and coordina
tion with other skilled membets]. 

VISibility of flaw, defect, or damage [less vi_sible flaws 
areofien detected later and can delay, prolong, or defer 
other priority work]. 

Once specific variances are identified in the technical system 
throughput, these are investigated to determine how they are 
controlled, by whom, using what information. This key 
variance control analysis provides an important opportunity 
to see the degree current ways of controlling these variances 
through effi:cti-:e thinking and behaving may show room fur 
improvement. 

The social systems analysis examines the work-related com
munication among people in an enterprise. It permits de
scription of the social system as the coordinating aad 
integrating buffer between the technical transfOrmation pro
cess and the demands and constraints of a turbulent environ
ment. The people who are in the most central or focal roles 
in the social system are r.hose who are most involved in the 
control ofkeo1 technical v Jiances. 

In the present study social systems analysis addresses the 
work-related interactions among people in the maintenance 
system. It is an evaluation of who talks to whom, about what, 
and how it's working. Social systems analysis is linked to the 
technical analysis because the most important communica
tions documented are about the throughput and product, 
but the social system is also the ·.vider mechanism for flexible 
response to a changing environment. 
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2.23 Analysis of the data 

All data from observation and discussions were entered in a 
database, coded by "system scan" information, "technical 
system" information~ "attitude or morale" data, and "social 
interaction." This last categotywas further coded by the type 



of social interaction specified above. These data were collated 
and analyzed by the investigator. 

The social system analysis was conducted in the following 
manner. First, all of the data were combined and the re
sponses to each topic discussed were consolidated. All of 
these responses to each of the topics were then tabulated by 
job tide and summarized. 'Ibe social system analysis fOcused 
on the concept of the social role as the basic link between 
organization demands and employee competence and un
derstanding. The social system was defined as a network of 
work related actions and communications which are medi
ated by the recipr<=l role expectations ofindividual employ
ees. In this context, all relevant relationships in heavy 
maintenance were defined as includir.g the fOllowing: 

I) Superiors with subordinates, 

2) Members cf the same work group with one another, 

3) Members of work groups with members of different 
groups within the heavy maintenance system, and 

4) People inside the heavy maintenance system interact-
ing with people outside that system. 

In addition to these four relationships, attention was also 
focused on the relationship berwcen role occupants (AMPs) 
and their jobs (or quality of working life), since job related 
feelings are strong determinates of morale. 

The social system is funher described as serving four organi
zational functions. The four funC'ions that anr social system 
fulfills are as follows: 

I) Attaining the systems primary GOALS (G); 

2) ADAPTING (A) to the external environment for 
immediate survival; 

3) INfEGRATING (I) internal environment for man
agement of conflict; and, 

4) Providing for the development and maintenance of 
the system's LONG-TERM (L) needs. 

These four functions (G, A, I, L) can be evaluated in terms of 
each of the four types of relationships descrihed above, and 
the results dispiayed in a 4 X 4 grid (a 16-cell matrix of 
functions X relationships) where each cell in the grid is used 
ro specifY a particular type of social behavior. 

The social analysis focuses specifically o.1 the primary rela
tionships of a "focal role." In this case the mechanics, 
inspectors, or planners and their foremen or managers be
came the focal roles around which the social analysis was 
developed. 

Based on the responses surveyed, the investigator proceeded 
ro evaluate the meaning of the data as classified in each of the 
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!6 cells of the grid. A positive sign (" + ") indicates a fu.vorable 
ratir.g by the investigator that the communication as ob
served was helpful or facilitative to the function or relation
ships. A zero ("O") means the communication as observed 
was neunal to the function or relationship. Finally a negative 
sign ("-") means that the communication was seen or re

pon.xl to be detrirr.ental to the function or relationship. 

The social analysis was then continued bydevelopinga "focal 
role network" (i.e., a map of relationships indicating who 
interacts with whom about what) that iilustrat<S the activities 
taking place around the AlvfP and their supervisors. These 
networks were ronstructed basing the distance between the 
various roles on the frequency and imponance of the interac
tions. 

Defined this way, the social system is not mere friendship or 
infonr.al support, but rather the source of adaptability and 
flexibility in roping with variances in the product, and with 
the system's complex environment. The demands of this 
environment go beyond merely satisfYing a consumer mar
ket, or coping with supplies of raw materials, or the other 
aspects directly affecting the technical system. That environ
ment is actually many environments - legal. legislative, 
labor, cultural, competitive, climatic, and so forth. 

2.3 RFSULTS AND DISCUSSION 

2.3.1 Evolution of commercial airaaft 
maintenance, 1970-1990 

During the course of the site visits for the present study a 
number of long-service heavy maintenance managers and 
supervisors described their view!> of the industty. What 
fOllows is the remarkably ronsistent picture which emerged, 
from these discussions, of the changes during the 1960s, the 
1970s, and the 1980s in airline maintenance. 

In the late 1960s and early seventies modern jet airliners 
(Boeing 707, and Douglas DC-8 in particular) were well 
established in the U.S. commercial fleet. Douglas DC-9 and 
Boeing 727 w<:re newly introduced as smaller load, shorter 
trip, but still high altitude high speed aircraft. At that time 
the organization of hangar maintenance was guided by the 
skill and experience of general foretr.en. To them reported 
shift foremen and specialist mechanics prepared mainly by 
their duty tours in military aviation. Already included before 
the I %0s began were schedulers (ortime-kcepcrs) to moni
tor job assignment documents, and instructors to improve 
and broaden the mechanics' performance and skills on the 
newer aircrafi. The oil crisis of 1973 sent fud and ticket 
prices up. causing a reducrion in passengers, and caused 
many airlines to lay-off newer, less experienced mechanics. 
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By the late 1970s and early 1980s the experienced mechanics 
andtheirsupervisoiShadreachedahighlevdofcompetenre. 
Job cards fur work assignment had been proven effective and 
the process ofstandanlizing the work flow in hangar mainte
nance had created a need fur a larger role fur the "work 
planner." In 1979-1980 the funher oil shortages, higher fud 
prices, the air traffic controlleiS' work slowdown, and de
regulation all converged to fOrce many carrieiS to reduce 
costs further in &ce of increased competition. With aircraft 
maintenance technieally under control with an ample and 
competent workforce, more AMP cuts were made. 

Currendy, in 1990, we find reduced numbers of experienced 
heavy maintenance mechanics and inspectors - the still
lingering result of AMP layoffS during the economic turbu
lence of 1979-83; coupled with the exodus of senior AMPs 
prompted byrerirements, promotions, and interdcpartment 
rransfers to maintenance shops. Following the recession and 
derq:ulation, what we find are myriad signs of a cost
conscious indusrry - the most obvious signs of which are 
reduced parts inventories, and the lean AMP staffing levds. 
Finally, as we wdl kr.ow now, the fleet of new transport 
aircraft in 1970 has become • aging aircraft." Together these 
changes result in the typical 1990 hangar maintenance 
organization guided by shift foremen and/or planners. The 
latter are increasingly computer-literate and tasked with 
digitizing the job card and work planning/tracking system. 
With the hiring of new AMPs, and with the increasing 
complexity of new aircraft maintenancx, training depart
ments and their instructors have become once again an 
important aspect of maintenance effectiveness. 

The current hangar maintenance AMP staff typically has a 
bimodal experience distribution of 30-plus years, and 3 or 
fewer years. There are relatively few heavy maintenance 
AMPs with company tenure between those two peaks. With 
the increase of aging fuselages and Airworthiness Directives 
(ADs) to attend to them, the greatest demand fur new 
mechanics has been in sheer metal repair. Thus most sheet 
metal med1anicsare new, and most oftheseareyoung. Many 
sheet metal mechanics hold an A&P license, but are new
comeiS to the field, having done other work first. In many 
cases these new AMPs do not have militaty c:xperiencx, and 
if they do, they are not necessa:ily immediately qualified fur 
A&P work with commercial transport category aircraft. For 
instance experience as a militaty aviation crew chief provides 
limited but deep experience in weight & balance; while 
repair in helicopters provides minimal understanding of 
repair on pressure cabins. There are also some AMPs who 
come into airline maintenance work after spending rime in 
defense-related and/or commercial aircraft manufacturing. 
They usually know litde about repair, although they are 
often very competent in sheer metal riveting. While some of 
them may know litde about repair, many AMPs today are 

not hired as c:xpens in aircraft repair, bur to specialize in 
sheetmetal work only. 

In summary: The prominent foreman role of the 1970s, 
reduced during the 1980s has reemerged in the 1990s in 
order to manage the many new AMPs in the heavy mainte
nance work furre. An added complexity is that computerized 
planning systems (including the planners, schedulers, coor
dinators who operate them) constitute a challenge to the 
fOreman's traditional authority, and the" authority ofknowl
edge" hdd by the "master craftsman" in this indusrry. 

The remaining results of the study will be presented as 
follows. Fim are the unfiltered results as obtained from the 
fOrmal protocol devdoped for the visits. Nott are the most 
frequent opinions, attitudes and feelings c:xpressed by AMPs 
during the visits. These feelings or thoughts are specifically 
those dealing wi!h company and maintenance system cul
ture, mission, or values, and therefore contribute to impor
tant aspects of the system scan. Third, technical system data 
are described which deal with the aircraft and dements 
comprising the "critical path" of the overhaul. Fourth, the 
social system data are presented from the analyses described 
above. 

2.3.2 Initial Results &om the Observation/ 
Interview Protocol 

The following section describes the overall findings from the 
site visits, organized by the questions or items in theprorocol. 
The descriptions reflect a norm for the sample studi..d, and 
not necessarily any carrier in particular. 
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1. Contact among mechanics 

a. How many mechanics are working together on 
this aircraft? 

About 25 mechanics work together per shift for 
a total of about 75 mechanics total on the 
average C-Check. 

b. How many subgroups arc employed on various 
jobs on the same aircraft? 

Between four and six maintenance subgroups 
arc employ..d on various jobs on the aircrafi 
during overhaul. These subgroups consist of the 
occupational specialties of sheet metal mechan
ics, riggers/generalA&P, cabin mechanics, clean
ers; and sometimes painters, and contractors 
(specializing in particular repairs such as fuel 
tanks}. 



c. Aie subgroups involved in the overhaul that 
include occupations other than mechanics? 

Other ~ular subgroups or occupational spe
cialties involved in the normal C-che..--k are in
spectors, pans or materials clerks (two orthrreto 
a group), and planners or coordinators {usually 
org-..nizcd in groups of two to fuur). 

d. Did the subgroups meet together or reform 
themselves so that mechanics work with variou.• 
othen during the period of the visit? 

These groups were not observed or reported to 
meet together as such. The subgroups do not 
change themselves in composition during the 
checkalthoughtheymaychangeinmembeiShip 
as usual members rotate through their indi
vidual shift schedules, or work overtime on 
another shift. Oecasionally a mechanic was reas
signed by the foreman to work with mechanics 
in another subgroup, or a foreman would re
quest all available membeiS of a subgroup to 
assist in a rask to which they normally would not 
be assigned. 

e. How often do the mechanics (or other AMPs) 
meetdu.ringthevisit?Whatisthecontentofthe 
meetings. How large are the meetings, How 
long are they, When do they f.ill in the shift, 
Who conducts the meetings? 

The frequeney of fOrmal meetings among me
chanics during the visit varied widely by site. In 
one case, all mechanics on a crew are brought 
together daily {for about 10 minutes) at the 
beginning of the shifi: by their shift foremen. 
The content covers t.l,e range from the day's 
work and assignments, ro what's new in the 
company, to personal items about people on the 
shi6:crew. 

In another site a weekly safety meeting w-.s 
obsm:edwheretheforemanspentafewminutes 
at the stan of shift reading to all inspectors on 
that crew a safety memo prepared by the vice
president of operations. 

In another site, a shift inspection foreman ar
ranged a brief meeting between all ofhis inspec
tors and the investigator. This was really an 
extension of the othetwise informal "get
togethers" inspectors held befOreeachshifi:. These 
infOrmal meetings ofinspectors, and of mechan
ics, are described in more detaillxlow. 
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No forr.'lll! meetings of mechanics was othetwise 
noted, although some sor: of monthly (or le<< 
frequent) meetings with their AMPs were re
ported by taremen in nearly every site. 

£ How much informal contact among mechanics 
{and other AMPs) is there during breaks and 
lunch? 

Consideral>le inft,rmal contact was observed 
among mechanics during breaks and meal times. 
Typically, this took the fOrm of conversation 
among friends around the picnic style tables in 
the break areas. These groups did not often 
exceed six or eight people and were usually 
smaller. Regular diques ofl;uger and mutually 
exclusive groups were S<"'n or reported only 
rarely. 

Even more informal ccn~ct was noted among 
inspectoJ~. Their shifrgroupsizeissmaller (about 
6-10 in the typical carrier) and this makes it 
easierrorthe entire functional group to sit around 
the same table befOre shift, and "swap stories." 

Planners tended to stay to themselves and took 
breaks with neither inspectors nor mechanics. 

g. How much contact is there among mechanics 
between shifts, Are meetings held betweenshifi:s. 
Who attends these meetings. Who conducts 
them? 

little to no contact between mechanics on dif
ferent shifts took place. In no case were meetings 
between mechanics from two shifts observed. 

Inspectors were much more likdy to communi
cate with counterparts on other shifts. In several 
sites their shifts actually overlapped by an hour 
or more, so they could work together. Generally 
inspectors on the same shifr took part in meet
ings (daily or less freq~<endy) conducted by their 
fOreman. 

Planners usually also met their counterparts, and 
the foremen, on other shifts to discuss work 
assignments. 

2. Contact with Foremen 

a. How often are fOremen in contact with indi
vidual mechanics on a daily basis? 
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3. 

Maintenance foremen ate in contact with each 
mechanic an average of three times a day. 

b. How much foreman contact during the visit is 
work assignment? How much iswotk guidance? 
How much is administrative (payroll, vacation 
scheduling, sick leave)? How much is training? 
How much is disciplinary? 

This daily contact primarily concerns work as
signment (unless the labor conrract restrictS this 
task to lead mechanics, as it did in two of the 
eight sites). Other usual reasons for daily contact 
include work guidance or instruction, and ad
ministrative matters. 

In the typical case ahout half the foreman's 
contactwithamechanicisworkassignmentand 
reassignment during the shift; about one-third 
involves work guidance/instruction (especially 
in thesmalleroperations), and about one-sixth is 
administrative (payroll, vacation scheduling, and 
side. leave). A small proportion of time was 
observed in employee discipline. 

Contact with Inspectors 

a. Does this carrier have a separate inspection staff 
and department? If so how often do inspectoiS 
and mechanics talk together in general? 

Separate inspection departments and staff were 
found in all of the major airlines visitoo, the 
repair station, and one of the regional airlines. In 
the two smaller regional airlines {but operating 
aircraft large enough to be covered under FAR 
Pan 121) a separate quality control (QC) de
panment existed, but had no inspectors dedi
cated to it full time. In these sites certain 
mechanics were authoriz<d to act as the inspec
tors for the QC department. These inspectoiS 
were usually the most experienced mechanics 
and often acted as lead mechanics or assistant 
maintenance foremen as well as inspectors. 

In the larger sites, mechanics usuaUy tty to speak 
direcrly with inspectors about quality matters. 
In the two smaller sites the contact is much more 
frequent because the inspectors are also a 
mechanic's colleagues or mentciS. 

4. 
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b. How often do inspectors and mechanics talk 
together about the aircrafi they ate wmking on? 
What is the content of their conversation; if it is 
not advice or direction what is ddiberated, and 
what is resolved? 

Mechanics' f.tce to face contact with inspectors 
averages three times a day in the larger sites. 
These contacts are usually requests by the me
chanic for ~e inspector to "buy back" or ap
prove a repa1r. 

A mechanic following a non-routine defect re
port is in reality in indirect contact with an 
inspector who earlier determined that the defect 
required aetion. Sometimes the mechanic and 
foreman would contact the inspector or QC 
foreman to clarifY the request, or to withdraw it 
for cause. 

c. How much training do inspectors provide me
chanics during the visit? 

Training varied greatly among the sites visited. 
In some large carriers, inspectors were sought 
outbymechanicsforadviceorinstruction, while 
in others (particularly in larger carriers) the 
inspector's tole was limited to inspection only, 
and mechanics were kept at a "social distance. • 
Advice and instruction were dearly a part of the 
relationship between the combination inspec
tor/mechanics' and the mechanics in the smaller 
carriers. 

d. How much informal contact between inspec
tors and mechanics is there during breaks and 
lunch? 

Very lirrle informal or non-work contact was 
observed in the larger sites. 

Contact with upper management 

a. How much contact was LJted, during the visit, 
between AMPs and upper management (from 
maintenance management, or elsewhere in the 
company)? [Ibis can include memos, video 
communication, electronic mail, and "waving as 
they pass through, • as well as face to f.tce com
munication.] 

In one large overhaul operation, multi-media 
communication from upper management was 

-- - ----------------
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viltUa!ly continuous during the visiL This in
dudedvideomonitor.;outsidethecafereriashow
ing cumnt news stories of relevance to the 
company; a company newspaper was available; 
wdl organized bulletin boards containing an
nouncements on a variety of topics; plus (during 
the time of the site visit) the p=ident made a 
series of"hangar briefings" to p=onally infurm 
employees and take questions about imponant 
upcoming events. 

In the other large operations visited, communi
cation from upper management was limited to 
written announcements (posted on bulletin 
boards, or read out by fOremen or supervison; in 
meetings),and in company newspapers. In more 
than one site, many AMFs could not remember 
the name of the company's presidenL 

In the smaller companies, i!pper management 
was visible in the hangar during the visit, and it 
was reponed as normal for the owner or presi
dent, and his management staff, to drop in 
several times per week. Such visits were not 
reponed to involve wmk-related communica-
tion between AMPs and executives. 

Contact with FAA Principal Maintenance Inspec
tor(PMI) 

a. Is there a PMI on site? How often are AMPs and 
maintenanre foremen in contact with the PMI 
during the visit? What is the content of their 
conversation? What is the setting (meeting, in 
the plane, in the break room, foreman's office, 
etc.) 

A PMI was seen in the <Werl1aul area at two sites. 
In one case the PMI spokewithdayshift inspec
tors, at the aircrali, about the non-<lestructive 
inspection (NDI) task they were doing. In the 
other the PMI discussed repair procedures with 
maintenance and inspection manager.;, both at 
the plane and in their offices. (The number and 
duration of the observation visits made it diffi
cult to know how often the PMI was present) 
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Contact with Trade Unions 

a. If employees are represented by a union, how 
much contact between AMPs and their un!on 
rep, and/or inspectors and their union rep was 
notedorreponedduringthevisit?Whatwasthe 
rontent of the contact? 

In sites with trade union representation, AMPs 
were in informal contact ..;;_th their local stew
ards often on a daily basis. In larger sites, where 
mechanics may not be able to sit at the same 
table with a union representative during breaks 
or lunch, the contact was less frequent. In the 
largest sites visited, the union officials had their 
own office space allocated near the hangar work 
area and tended to remain there. Few AMPs 
were seen in contact with officials in these offices 
during the visi<S. 

b. How much contact was noted or reponed be
tween union representatives and management 
(including maintenance foreman) during the 
visit? 

Some contact by union officials or stewards to 
fOremen was observed. The content included 
questions about work assignment and potential 
jurisdictional disputes, peiSOnnd issues and ben
efits. 

Contact with Trainers 

a. How much contact between trainers and me
chanics, was noted during the visit? What was 
the nature of this contact? 

In several of the larger sites, experienced mainte
nance p=onnd (often dose to retirement and 
recently transfened to training or planning de
parttnents) were assigned "On the Job Train
ing" (0)1) duties. In only one of these sites were 
theseOJT trainers observed in the hangar and in 
contact with mechanics. In that case mechanics 
reponed benefiting from the O]T trainer.;' ad
vice or hands-on instruction. 

Mechanics often doubled up for training, and 
the more experienced were direo:ed by foremen, 
or sometimes requested by other mechanics, to 
provide O)T. 
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The same relation.ship was noted among inspec
tolS. OJT was requested by less experienaxi 
inspectoiS, directed by QC foremen, or offered 
by the more experienaxi Nvfi>. 

b. How much contact between trainCIS and in
spectOIS, planneiS, and/or foremen was noted 
during the visit? 

No formal traineiS were seen in contact with 
either inspectoiS or planners/coordinators dur
ing the visits, since fOrmal training is conducted 
at the training site. 

Classroom training for new mechanics was usu
ally going on in or near the hangar during the 
visits. Typically, fOrmal trainm orteachm con
ducted these classes. 

Oassroom trainm occasionally contaaed shift 
fOremen in the latter's office at the completion of 
a day's COUISe or segment. 

c. w:;J; any kind of training provided during, or 
immediately preceding the visit? Was that train
ing specific to the repaiiS on the visit aircraft? 

h noted above, nearly all the latger sites visited 
were in the process of aircrafi orientation train
ing for new mechanics. At some of thc:se sites, 
or.her mechanics' classes were underway, dealing 
withmoreadvancedtopicsorrecurrenttraining. 
In all cases, this training was related to aircraft {as 
distinguished from safety training, pe=nnel or 
communication, or administtative matteiS). 

In the smaller sites, no formal training was 
observedorrepotted Thc:sesireshadnotraining 
depatttnents or dedicued specialists f<>r instruc
tion. 

8. Contact wilh Flight Crew(s) 

a. Was infOrmation passed from the flight crew or 
cabin crew to anyone in maintenance about this 
aircraft? If yes, who was the maintenance con
tact; and what was the content, forn. (formal 
repott, note, face to face, etc.), and timing of the 
communication? 

In two cases in the larger carrim, was a flight 
crew observed in contact with h<avy mainte
nance hangar peiSonneL Thc:se were cases where 
the finished aircraft was being released to the 

pilot and crew. Limited information about the 
overhaul was formally transmitted to the flight 
crew. 

In the smaller sit<.J, frequent contact was noted 
between flight crews and AMPs. In addition to 
written communication in the aircrali: logs, pi
lots would sometimes verbally describe the per
formance of the plane to a lead mechanic or 
inspector. Mechanics or inspectoiS sometimes 
accompanied the flight crews to the ramp for 
engine or systems run-ups; or actually joined the 
ilightincahinoroockpit. Theinformationpassoo 
in these flights often dealt with cabin pressuriza
tion and door seals. 

2.3.3 Common Attitudes and Opinions: The 
System Scan 

There were similarities, across the various sites visitoo, in how 
AMPs saw things and felt about them. Thc:se common 
attitudes can help yield a systems scan of the "typical" heavy 
maintenance systems sampled in the p=ent study. 

Otganizational purpose and mission. In all sites, a typical 
statement was, "everybody wants quick turnaround." 
Whether this was cause fur AMPs' frusttation, or stoicism, or 
pride depended on the degree to which they saw this as 
realistic and relevant. AMPs observed in this study con
sciously accepted safe and fast turnaround as rdevant, but 
not always realistic. Most sites visited had no explicitly stat <XI 
maintenance mission, beyond finding and fixing flaws as 
directed. 
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In one site visitoo AMPs' immediate work assignment and 
the larger mission seemed clearly connected. In this s!:e, 
maintenance foremen held a briefstatt-of-.shifi meeting with 
their crew. In these meetings the foremen described the work 
to be done, the system's performance to schedule, and made 
(or explained) general assignments. Mechanics had usually 
obtained the job cards from the schoouling window before 
the meeting and would go on to gather materials and tools at 
its conclusion. During the meetings AMPs had the oppottu
nity to query the day's assignment and the overall scope of 
current aircrafi iil for overhauL This was the only one of the 
sites visited in this study which revealed a strntegy of mainte
nance whidt was both acknowloogoo and successfully pur
sued by AMPs. AMPs and foremen at this site took pride in 
airwotthy repairs and fast turnaround of the aircrafi. They 
n:potted that they made a direct contribution to the cilicient 
and timdy delivery of quality aircraft. 

- - -- -----------



In several other sites the work was arranged so that AMPs 
continued a job from one day to u'-te next, without turning it 
over to another shili. Although their mission may or may not 
be dear in these locations (and rapid turnaround was never 
sericusly believed as imporrant by AMPs there) the AMP 
could usually feel serure in knowing what was the job at 
hand. 

2.3.3.1 Organizational Culture 

Hackm:m, (1990, p. 495) has reported that even though the 
advantages of teamwork in the cockpit are widely recogniz<d 
in the airline indusrry, the rulture of that industry still 
emphasizes individual rather than team aspecrs of cockpit 
work. In the present study it was round that this same culture 
influences the maintenance !Unctions as well. Aircrali: me
chanics are proud of what is called their "macho" style. And 
i~dividualliccnsure and personalli:IDility has, in some cases, 
had an added effect of making AMPs and their supervisors 
less willing tc share work across shifis, or with less experi
enced or less skilled colleagues. The resulting performance is 
slower (actually incurring delays when key employees are 
absent), and the ability of A.\1Ps D exchange ideas or 
information is sometimes limited. This .-estriaed communi
cation fUrther supports traditional emphasis on the indi
vidual contributor as the basic work unit. 

Another part of aviation indusrry cu.lture is the passion for 
flight. In the past, the aviation industry could aptly be called 
"boys' own airplane club," because the people who chose it 
loved airplanes, and flying. It was a beys' dub, in heavy 
maintenance at least. Even today few women AMPs or 
managers were seen during the visits. The airplane passion, 
however, has latgely gone the way of wooden propellers and 
fabric wings -held only by the long-time employees and 
few of the new-comers. From the top to the bottom jobs, 
people today join airlines for many reasons beyond the love 
of planes. This dear shift plus other changes in labor force 
confounds the long-service employee. Older AMP. are some
times dismayed with the newer mechanics' acquired skills, 
their laissez-faire attitude, and their higher turnover. The 
new mechanics often profess to "like it okay here," bur admit 
they are not "excited" about it. In some of the sires visited the 
company's reputation is oflittle concern to them, because 
many can see themselves as moving on to other companies or 
even other industries. These contrasting attitudes suggest a 
culture undergoing a considerable transformation. 

2.3.3.2 Control over Work Assignment 

An organization can have a dear locus of control, whether or 
not it has a mission or conscious purpose. Such control is 
invariably in the control of other peoples' activities, especial! y 
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in the performance of the work. This control of behavior is 
sometimes struaural, combined with behavioral norms, and 
sometimes the norms themselves, over time, <all yield con
trol in one group over the others. When contrcl over one's 
aaions is diminished, "ownership~ or pride of work declines 
too. In the present study, this lower pride was sometimes 
associated with lower care/attention to the work -leading 
to slower work, fewer "buy-backs" by inspectors, lower 
morale and higher reported employee turnover. Usually the 
struggle for control over maintenance work was found 
between maintenance and planning. 

Computers and control. The struggle for control takes on a 
different and more complex dimension as computeriz<d 
planning becomes more common. Control by the computer 
can take on a life of its own, seeming to rise above both the 
maintenmce and planning people in its rigidity and singular 
focus. In some sites both maintenance and planning seemed 
confounded by the computer-based system of work plan
ning. Complaints were heard primarily a.Oout the quaiity of 
computer-produced job <:ards and the absence of associated 
graphics. Other complaints were voiced about the rigid 
decision models u'te computer used fOr scheduling. 

Attitudes about training. Y oungerworkers' attitudes toward 
recurrent training are mixed. In companies where some 
training is provided they wanted more; in those that didn't 
provide much training, the AMPs didn't complain (but they 
literally may not know whar they're missing). Many older 
AMPs were able to describe the OJT procedure and its 
paperwork (they usually know itwell), buttheyalsosaywhen 
they show younger guys something, it isn't long before they 
"think they know everything." Such younger employees' 
attitude toward training, if true, could work, over rime, to 
stifle the amount and quality ofOJT. 

Occupational Safety Practices. Safety is imporrant every
where, but praaices vary widely. At some sites, it was 
assumed that if no accidents have been reported, then the 
safety policy is okay. At one site, safety policy required leads 
completing a start-of-shift check list on housekeeping and 
safety each day. In a.'lother, the foremen reported that they 
hold 30-minute safe,y meetings with their AMPs once a 
month. Yet another site had a new operations vice president 
who, among hi• first official acts, required weekly safety 
reminder sessions. Another site used blanket rules such as not 
allowing tennis shoes on the oase. In some sites there is much 
safety e<;_uipment aro•md. Such equipment includes auxil· 
iary lighting, overhead cables and harnesses for working on 
the aircrali: crown, safety rails on scaffolding, protective 
clothing, rubber gloves, safety glasses, safety shoes, ear plugs, 
respirators. Some safety posters were in evidence. It was 
gratifYing that at a personal level mechanics "lld inspectors 
were often seen to remind their co-workers to act safely. At 
several sites, foremen were observed refusing to assign work 
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to their shift in Wlhcalthy conditions (e.g., where painting or 
paint stripping was going on nearby). 

In the main, personal safety in aviation maintenance is not 
always emphasized to the degree seen in other industries. 
Some enmples ate that AMPs were observed to take indi
vidual responsibility for spreading absorbent day on oil 
spills, but only after somebody slipped. Several sites evi
denced a variety of casual lightweight sport shoes. In otheiS, 
few AMPs wore earplugs or muffi, were seen not to use 
overhead harnesses when working on the crown, and made 
little use of auxiliary lights (in f.tvor of many flashlights). 
Some of the foremen observed were vety attentive to safety 
issues during the visits and some were not. 

Housekeeping in the overhaul area. In several of the sites 
visited, one can walk ro stores or break areas only by passing 
through dimly lit, cluttered areas, with hoses and wires in 
profusion on the floor. Despite the frequent attention of 
janitorial crews, hangars at several of the sites visited were 
ditty, dusty, or oily not only on the flooiS but on other 
surf..ces too. Work areas where AMPs demonstrated a pride 
in cleanliness or tidiness were not.O in only about half the 
sites visited in the present study. 

2.3.4 Tcdmical System Findings 

Planning the overhaul. How the work is planned and 
performed in heavy overhaul of aging aircraft varied among 
the sites visited. In about half the sites the day-maintenance 
foreman was responsible for assessing the extent of repair 
necessary, and managing the coUISe of the overhaul, follow
ing the prdiminaty inspection by the quality control (Qq 
department inspectoiS. Sometimes the planning group, in
stead of the foremen, was responsible for scheduling and 
managing the overhaul. In onecaseQChad taken unwirting 
control for managing the "C" check, through dose control of 
the issuance of job cards. 

Key variances in aging aircraft. large and com ph repaiiS 
were often called the "critical path" for the overhaul. Defects 
such as cracked doms or door frames, or extensive corrosion 
of floor structures or pressure bulkheads were usually judged 
as critical items or key variances to plan the overhaul around. 
Key variances do not always require the most time consum
ing repaiiS, but they may demand exotic pans or special 
en~ineering planning. or intricate scheduling of other re
pai!S. 

Management in several carrieiS expressed particular pride in 
cottosion control programs they had developed in-house. 
Those programs were later confirmed by AMPs, who said 
that the company was willing to spend the extra time early, 

inspecting and treating corrosion-prone areas, to control 
these variances in advance which prevented "surprise." later. 
If used aircraft were acquired fiom other carriers, the special 
ef!Orts to cope with their new-found corrosion demonstrated 
the quality of the original fleet and the positive effOrts of 
corrosion prevention when it is employed. 

At some other sites visited such variances were not as well 
prevented, and might not be detected in the preliminaty 
inspection. Occasionally the extent of a defect detected 
during preliminaty inspection (particularly hidden corro
sion) would not be revealed until late in the overhaul. In a 
majority of the sites visited, corrosion (particularly when 
accompanied by fatigue cracks) and sometimes ramp-origi
nat<:d damage to skin, baggage dooiS and holds resulted in 
tepaiiS that required more than the original estimated time. 
This optimistic time estimation (coupled with poor coordi
nation or miscommunication between shifts or with shops, 
or fiom engineering or QC which led to rework at least some 
of ilie time) meant that there was some kind nf regular 
"sll!prise" that thwarted AMP efforts to complete the over
haul on time or in budget. 

Some key variances in aging aircraft [e.g., multi-site damage 
(MSD), or extensive corrosion to aircraftsttucture] demand 
special knowledge about structural repai!S to adequatdy 
fulfill either "damage tolerance" or "fail safe" requirements. 
The existence of several such variances on the same aircraft 
were observed to require the simultaneous employment of 
vety high (and scarce) AMP competence, and a considerable 
degree of engineering or shop support. During these special 
work reassignments progress on other aircraft in the hangar 
was sometimes ddayed. 

2.3.4.1 Organizational sttucture and work 
perlOnnance 
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A certain degree of coordination difficulty and miscommu
nication results fiom the way the systems were structured. 

What differences do variations in the organization chart 
seem to have on maintenance performance? What structural 
similarities do companies in the sample share which may 
threaten to impair their currently enviable performance 
record? 

Some heavy maintenaace is organized with maintenance, 
materials, inspection, and planning! scheduling functions all 
reporting to separate vice presidents. In other companies, 
scheduling and maintenance repott together at a lower 
organizational levd. In yet others, materials department 
reports to the maintenance organization. These differences 
are reflected in the degree of cooperation among the depart-



ments and the degree of shared purpose felt :md expressed by 
incumbents. 

Differences were found antong the sites in organizational 
struaure (chain of command, span of oonrrol). Where 
strong functional chains existed, communicariol'.s between 
AMr-s in the separate departments were ofi:en limited. Stores, 
shop, and toolrooms were sometimes seen, or were reported, 
to act :;nsympathetically or unsupportively to maintenance'' 
need fur parts, components or tools. For instance urgent 
parts shipments were observed to arrive, and mechanics or 
their foremen were not notified of thi• by stores within the 
same shifi. Communications breakdowns betWeen those 
chains were never, during the present study. seen to compro
mise aircrafi: safety. 

To minimize that possibility, however, the industty must 
continue to invest additional time, effort and money in cross
functional communication and controls. 

Separate reporting structures were usually found to create 
struggles for power and authority among departments (e.g., 
maintenance, supply, shops, and planning). Such conflicts 
are resolved in a variety of ways, bur they usually result in one 
d~partment gaining a degree of control over the other. In 
those cases where maintenance retains control over plan
ning, the foremen and mechanics ofi:en express a sense of 
triumph, and planners and coordinators !eel some {usually 
minor) distress at their perceived decline in significance. 

Where plann;ng is the more powerful department, the 
planners were seen to act apprehensively (c 1 ofi:en defen
sively), and QC and maintenance foremen a, heir AMPs 
feel confused :md frustrated. In these cases, the pt .. c .1ers and/ 
or coordinators controlled job cards (and thus job assign
ment), and access to them by any others was srri~-dy<fucour
aged. In these several sites, high control of repair by planning 
was seen to diminish the pride of ownership and competence 
that mecltanics, inspectors, and their supervisors felt. Plan
ners described their major function as "responsible for the 
aircrafi:," while maimenancewas seen as merely responsible 
for completing repairs. Associated with mechanics feeling of 
!ower pride was lessened care/attention to work performed. 
"Good enough to be safe is all we can manage," was heard 
from several mecltanics in the sites where planning con
trolled work assignment. 

2.3.4.2 Differences in behavioral nonns and work 
performance 

Norms are customary behaviors, not necessariiy based on 
policy. Norms of work assignment, or of managing AMP 
absences and overtime can have advantages and disadvan-
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rages simultaneously for maintenance effecr;veness. Me
chanic overtime and high use of temporary labor in several 
sites were both observed to be effects of a lack of planning. 
Mechanics in tum felt part of an "ad hoc" organization with 
little ability to forecast or plan for overtime. Occasionally 
foremen were observed not to notify their shifr replacements 
of AMPs who had called in sick- sometimes hours before. 
The resulting lack of control of initial work plarming for 
maintenance fOremen and scheduling supervisors caused 
th~m confusion and frustration. 

Many of the sites visited displayed effects of expectations of 
maintenance about stores. Typically, AMPs expected store
keepers to be uncooperative, unfriendly, or slow; and main
tenance supervisors expected stores to be often out of stock, 
and slow to reoroer frequently used parts and supplies. 
Whether by self-fulfilling prophesy, policy considerations, 
or by struaural arra.'1gements, the materials functions were 
ofi:en in a defensive posture in management meetings and at 
the parts counter because parts and supplies were not avail
able when needed. 

2.3.5 Social System Arudysis Results 

The social analysis involves the examination of the roles and 
relationships within the whole work process. This activity 
actually includes mapping both the persons who havework
relatoo interactions in the system and the reasons for that 
contact. Because a comprehensive analysis of all positions 
would be too time consuming, the social analysis focuses 
upon the role or roles mosc involved in the control of key 
variances, based on the assumption that every organizadon 
exists in order to meet the short-term goal of producing its 
product. This is the social system analysis, which maps the 
cooperation and coordination unde!taken between the focal 
roles and others within and outside the work process. The 
focal roles identified in the heavy maintenance operation are 
the mechanic, the planner, or the inspector. 

Every mganization exists in oroerto meet the short-term goal 
(G) of producing its product. However, in doing so it must 
not adversely impact its capacity to survive as an organiza
tion. To do so it must adapt (A) to, and be protected from 
shon-rerm changes and pressures in its immediate environ
ment. It must also combine or integrate {I) activities to 
manage internal conflicr and to promote smooth interac
tions among people. Finally, it r.mst ensure the long-term 
(L) developmec,r ofknowlcdge, skills and motivation to cope 
with goal-related, environmental and systems requirements 
in the future. In the social analysis, the letters G, A, I, L arc 
used to indicate what type of functions arc affected m 
contacts among people. 
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Many organizations have separate depanments to perfOrm 
these functions. For example, industrial engineering, plan
ning, per.;onnd, and training departments em have the 
furmal responsibilities fur one or another of the four basic 
functions. Typically this specialization acts to narrow and 
limit the ability of other employees to act appropriatdywhen 
a response from them in that function is required. The only 
dear exception to this are training specialties because t.h.e 
expert trainer serves to enlarge the roles and =po= reper
toires ofindividualswithout complicating lines of command 
or the allocation of responsibility. Not surprisingly, perhaps, 
a good many of these functional behaviors ate performed 
through informal activities at the levd of the focal role. Not 
only are these behaviors informal, they are often unrecog
nized even though they may be more frequent and more 
influential in affecting pertormance than the existing formal 
methods and policies. The task fur the social analysis is to 
better understand the ways that these necessary social system 
functions acturuly get carried out, and to evaluate how 
efFective these methods ate for satisfYing t.'te human and 
technical requirements of the organization. 

2.3.5.1 The Social System Grid 

The examination of the presence or absence of a fixed set of 
functional rdationships in asocial system is aided by charting 
them in a way that combines both the four functional 
requirements (G, A, I, L), and the panirular rdationships 
(vertical and horizontal, internal, and cross bounda.-y con
tacts) describing the work process. This combination is 
chaned in a 4 X 4 table or "grid" of social rdations. 

Table 2.1 shows an overall evaluation of information sum
marized from interviews and observation classified by the 
fouressentialsocialfunctions. Table2.1presentsevaluations 
of those typical contacts observed, and an approximation of 
the relative frequency of those contacts. 

Table2.1, row "G," reveals that communication about goal 
amnnment is frequent (many contacts were coded "G"), but 
effective orJy to some degree (about 200fil of the total goal 
attainment contacts were evaluated by the investigator as 
positive, while about 40o/o each were evaluated either neutral 
or negative in their contrib1•tion ro maintenance perfor
mance). 

Mechanics and inspectors play a central role in accomplish
ing the essential task or mission of mair.tenance. The results 
in Table 2.1 indicate that these A\1Ps play this central role 
with considerable guidance from their foremen, with some 
cooperation from others in their work group, and much 
direct contact (although some of it is negative in outcome) 
with other employees in the maintenance system. 

Row A (Table 2.1) reveals that there is very little contact 
among focal roles and other members of the maintenance 
system about matters dealing with rclcvant outside environ
ments. Some foremen mentioned th:it cooperation in bor
rowing or lending spare p:uts is good between the maintenance 
departments of diF.erenr carriers. 

l:!e S3.1f1e pattern, round in Row G' of frequent but less than 
efFective ccmmm.ication between ntechanics or inspectors 
and others in the maintenance system is repeated for row "I. • 
Those contacts affecting systems integration (coded "I" in 
Table 2.1) had a larger proportion of negative evaluations in 
peer group and supervisory communications than did con
tacts fur goal .nainment. Rows "G" and "I" in Table 2.1 
provide evidence fur the observation that AMPs work with 
strong support and guidance from foremen and other mem
bers of the maintenance system, but their work relations with 
co-workers in the same occupation is less devdoped. Me
chanics do talk to one another about opportunities and 
requirements for employment at other car.~ers, which if it 
helps an AMP make a decision to resign could surely be 
considered "disintegrative" for the current employer. 

Row L in Table 2.1 reflects a need fur formal training 
prograrr.s, a small management role in on-the-job training, 
and a limited, though high impact role for AMPs in training 
co-workers in their sa1ne occupation. Most mechanics and 
inspectors said they obtained OJT from senior employees. 
However, in some situations there may not be enough 
experienced technicians to ensc:re that there is enough high
quality OJT for the junior pe-sonnel. 

2.3.5.2 Focal Role Network 

The "focal role analysis" maps the work-related communica
tion between the focal role(s) and others in the work process. 

The first figure th>I follows shows the general role network 
(displaying the common pattern) for all sites visited. Subse
quent figures show >pecific differences in three different 
situations revealed during the site visits. The networks each 
reflect;;. ilOrm for the sample studied, and not necessarily any 
carrier in partiruiar. Tnc focal roles identified in the hc.avy 
overhaul maintenance system sampled in the present study 
are the mechanics {both sheet metal and A&P), or the 
planners or conrdinators, or the iP.spectors involved in a "C" 
check equivalent on an aging aircraft. 
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In all cases their leads, foremen, or supervisors are also 
considered focal roles. In the role networks displayed here 
(Figures 2.0, 2.1, 2.2, and2.3), the shorter length of the lines 
between roles reflects a higher frequency of communication 
observed. Thea.~ows indicate one-way orrwo-way commu-



nication observed. Double arrows pointing in opposite di
rections (e.g., Figuw 2.2) denote equally-frequent initiatio'l 
of essentially one-way communications. 

The relationships depicted in Figurt: 2.0 (the common 
pattern of communication found at ali sites) are repeated in 
the following three figures, but in lighter co· .trast to enable 
the reader to more readily see the unique communications 
depicted in each figure. 

The Figures 2.1 and 2.2 display two major communication 
patterns observed during the present srudy, and Figuw 2.3 
displays one unique parr em (observed in only one sire during 
this study), fur contrast. Figuw 2.1 depicts the web of 
frequent contacts in several sires where the maintenance 
department {maintenance foremen and their managers) are 
in control of the AMP work assignment process. Figurt: 2.2 
shows ._., alternate network of frequent communication in 
sires where the planning department played a major role in 
mechanic and inspector work assignmer1t. Finally, Figurt: 
2.3 displays the unusual case described earlier in which the 
QC department controlled work assignment. 

Figuw 2.1 portta;'S a composite of typical communications 
patterns in the sites where maintenance is in control of AMP 
work assignment. Figuw 2.1 shows frequent contact be
tween maintei'ance fOremen, leads, and mechanics. In addi
tion it s..,ows dose comdination between maintenance and 
QC foremen. Finally, Figuw 21 reveals a close (daily) 
interaction among all executive managers respor.sible for 
supponi.'>g the maintenance effort. 

This kind of communication pattern is particularly effective 
in maintaining aging aircraft when there is a dear mainte
nance mission that is supponed from above. and when 
fur-=en are in dose touch with AMPs. 

Use of pre-shift briefings. In one site visited, AMPs aad 
foremen were proud of their on-time and high quality •c• 
check completions and this mission was supported by upper 
management. This site is the modd fur the network shown 
in Figuw 2.1. At this site the fOremen hold a brief meeting 
with their AMPs at the beginning of each shift, in which a 
focus on purpose is maintained by describing status of the 
aircraft in the hangar, the critical aspects fur timdy comple
tion of those aircraft, and briefly explaining work assign
ments. In this case, mechanics have usually already obtained 
the job cuds from the scheduling window, and immediateiy 
following the meeting, they go on to the storeroom for 
material and tools. 

These shifr foremen were trained in how to conduct meet
ings. In general the meetings kept AMPs informed of the 
unit's performance to goal, and of their own roie in the 
overhaul. The AMPs in turn took pride in successful ace om-
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plishrnent. Lead mecha.'lics kept their foremen informed of 
progress throughout the shift. Occasionally, the leads or 
planners would also tell foremen of AMPs whose perfor
mance w-..s below standard. Foremen acted to guide and 
reward good performance, and to understand a.'ld correct 
substandard performance. Maintenance foremen also kept 
in close touc.'l with QC foremen to discuss appro~al of 
complex repairs. 

Less effective use of goals and communic:Won. Severn! 
example. ofless effective maintenance systems were observed 
during the visits. These were systems also typified by the 
network in Figuw 2.1, where maintenance was in control of 
work assignment. In one of these iess effective sites, a mission 
for maintenance {beyond airworthy repair of aircrafr) wa' 
unknown to AMPs: little urgency for timdy work comfle
tion was observed, and managemenc urged expense contain
ment. 

In other less effective sires, disparate goals were set for the 
various departments in the maintenance system. For repair, 
overhaul rum-around times were set too high for a largdy 
inexperienced work force to meet without an unusual degree 
of cooperation from materials department ond the shops. 
Materials departments and shops in tum were given goals to 
contain costs, and therefore could not respond to mainte
nance dema.'lds by always having needed parts in ready 
inventory. 

Inspection goals could also conflict with maintenanre as 
illustrated by the number of rejected, "non-routines" al
lowed by QC management reponed in several sites. Some 
inspectors required engineering variance authorizations 
(EV As) fur reponerlly minor deviations from structural 
repair manual (SRM) repairs. Where multiple and conflict
ing goals and 1nissions were set, and management continues 
to press fur them, time and/ or cost perfOrmance would 
necessarily slip. Besieged by conflicting demands foremen 
tended to ignore AMP training, or coordination between 
shifrs, or foJ:Wald planning fur spare parts acquisition, almost 
all of which alienated AMPs, a.,d were reponed as leading to 
lower cost and performance-to-time results. The cycle, once 
established, apparently continues in these sites without reso
iution. 

The effectiveness of these sites could be hampered even 
further if lead mechanics were (by labor conuact) in strict 
charge of work assign !!lent of Al\.1Ps. When: this situation 
was found, Figu" 2.Jwcu!.-l have to have been redrawn to 
show less frequent contact between AMPs and for.;,en. 
This S"fstem resulted in generally less effea:ive coordination 
b-..-.ween shifu because foremen, not new in direct contact 
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with AMPs, would make the fuce-to-fu~ transition between 
shifts. In some r.:ases also, high seniority AMPs would bid 
into lead jobs without sufficient breadth of technical experi
ence to always understand the work they were assigning to 
AMPs and the results of which they were describing to 
foremen. 

There were other examples of how communication in an 
inexperienced worlcforce created errors involving miscom
munication. The rombination of inexperienced mechanics 
and long tenure foremen often caused the former to be 
unassertive with the latter. These subordinates are repmted 
to seldom voice their uncertainty or their lack of experience 
when assigned to a job, ex~t ar sites where there are strong 
sanctions against remaining quiet. There were also acrounts 
of new AMPs who did not report problems when they 
occurred. Cases were reported of relatively inexperienced 
employees being assigned to work beyond their abilities-
with ensuing repair errors. Those errors reported were dis
rovered and safety of flight was not compromised, but extra 

expense and time were incurred and in some =es little 
positivewasseen to be learned byfureman or AMPs. In most 
cases of serious errors or i.'lcorrect repairs, the AMPs involved 
were said to have quit or were dismissed from the firms 
shortly thereafter. 

Figure 2.2portrays a composite picrure of the communicat
ion padr.vays in sites where the planning depatrment or 
function closely controlled the work assignment and job 
cartls. In these cases, the planners and/or coordinatms kept 
a= to job cards strictly controlled. Plannen; described 
their major function as "responsible for the aircrafi." while 
mainteru!I!::eand inspection were seen as merely responsible 
forusingthetoolsand undc!takingassigned repairs. In these 
sires, high rontrol of repair by planning was seen to diminish 
the pride of own=hip and competence that mechanics, 
inspectors, and their foremen relt. 

The algorithm often used by planning. in the sites visited, to 
set priorities is based on length of time required for repair; 
with little or no attention paid ro the complex interactions 
among a number of repairs (both "routine" and "non
routine") called for in the typical overhauL Both mainte
nance a.-xi inspection foremm in these sites claimed that the 
plannen;lackedmaintenan~experiencewithrepairsorwith 
aircrafi to enable them to effectivdy prioritize a series of 
romplex repairs. This arrangement frustrated foremen :md 
caused them to lose confidence in their own abilities. This, 
and lower pride was often associated by interviewees with 
lower care/attention to work performed- and with slower 
work. lower quality work. feWer "buy-backs" by inspectors, 
and more rework. For AMPs, the visible absence of control 
their foremen had over the order in which work W:lS per
formed, and the ambiguity about what was to be done next, 
was reported to lead to diminished job satisfuction. 

Figure 23 shows the communications patterns for one site 
in which inspection took control of work planning at the 
beginning of a maintenance check. In this case the inspection 
foreman closely controlled the overhaul planning by rewrit
ing all routine job cards dealing with opening (and subse
quently dosing) the aircra.fi: for inspection as specific 
non-routine orden; to only open access areas. Separate non
routine orden; were subsequently issued to dose all access 
locations only after QC inspectors had scrutinized those 
areas. For the Boeing 727 aircraft observed at the site during 
the visit. over 400 extra non-routine orden; were created for 
this purpose. 

This unusual behavior presumably was based on a mistrust of 
the many ine><perienced mechanics employed by this com
pany to read and understand the routine cards as written. 
Although that solution worked, and all inspection locations 
were chec..l<ed by QC. the • cure" was :.lmost as painful as the 
"disease." The resulting l:u:k of control of initial work plan
ningbymaintenanceforemc:nandbyschedulingsupervisors 
created confusion and frustration. For insrance, when parts 
were received and the planners and maintenance foremen 
were notified, they were unable to locate the associated job 
card to beginworkifthatwork (and card) was still underQC 
control. These parts were often set aside until they could be 
identified, and sometimes became lost or misplaced. Some
times, because job cards were "missing.~ parts were not 
ordered on time. Waiting for QC to schedule • dosing-up," 
the aircraft sat with fud tanks open and vulnerable control 
joints and bearings exposed to airborne contaminants. B<O
cause of ~em pressure to complete the overhaul on 
a timdy basis, mechanic overtime and high use of temporary 
labor were both among the unwaated "products" of this 
system. Mechanics in tum feltpartofan "ad hoc" organiza. 
tion with little ability to forecast or plan for overtime. 

Snmmaty of Role Netwo!:ks.. 

One of the major fi;.dings of the role network analysis is that 
many of the roles closest to one another on the network chart 
(Figures 2.1, 2.2, and 2.3J are between people in different 
occupational groups (except for A.\.fl> and foremen or lead). 
Thus the people in dose contact with each other are not only 
the foreman and the mechanic, but also the mechanic a,.,d 
the planner/coordinator, the mechanic and the inspector, 
the mechanic with other employees in stores, and the fore
man with production control, the various support shops, 
and "1\,<>ineering. These are all examples of people communi
cating between functional silos. 
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Table2.1 
Summary of Communicattion Analysis 

"G, A. I, L" Fnnctions Against Four Types of Social Contacts 
Airline Maintenance Personnel/ Heay Check Service 

1. 2. 3. 4. 

Contact Contact Contact Contact 
Between Among Be~n Between 

Peers Groups in the Maintenance Supervisors 
a nil in the Same Same Mainten. Systems and 
Subordnates Work Groups Systems the Outside 

"G:" +++++ ++ ++++++ 

GOAL 
0000000000 0000 0000000000 +++ 
- -- -- - 000000000 000 

ATTAINMENT --------- ---------
--------- -

+ + 

"A:" 0 000 000 00 
- - - -ADAPliONTO 

ENVIRONMENT 

"I:" +++++ I II I II I I I Ill I ++++ 
SYSTEM 0000000 00000 0000000 ' ------------ - -- -- --- --------- -------INTEGRA liON ------------ ----------

~-------

•t.:• 

LONG-TERM + +++ +++ 
DEVELOPEMENT 0000 0000 000 0 

- -- --- --- -- - -

legend: 

"+" = Communication as observed is helpful or facilitative to the function or relationship 

"0" = Communication as observed is nuetral to the function or relationship 

"-" = Communication as observed is helpfui or facilitative to the function or relationship 

2.3.6 Organization, Attitudes, and 
Perfunnance 

23.6.1 I inkage between !I'.anagement practices 
and attitude 

Three of •he eight sites visited exhibited higher levels of 
communication than the rest. These three sites include r.l,e 
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la.Ige carrier in which foremen conducted pre-shirr meet
ings; and the two smallest carriers where inspectors were 
also the senior mechanics. Communication in these three 
sites included a great deal of "technical" or goal-rdated 
contact/ communication within and between occupational 
groups and hierarchical lcvds, as wdl as expressions of 
employee good-will and personal support for one another. 
These rommunications were observed in frequent or regu-
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lar group meetings as well as in individual face-to-face 
contacts. These three sites also evidenced the clearest main
tenance and company missions. The large ca.-rier among 
thesethreereportedconsistendyhighlevdsoftimelycomple
tion of"C" checks. Finally managers, and AMPs in all three 
of these sites expressed the greatest individual satisfaction 
with theit timely performance and/or high quality as was 
expressed in any of the sites studied. 

The other five sites varied in the amount of communication 
and contact observed and reported. All of the five had less 
frequent com::nunication than the three sites already re
poned. Among the five sites, lower levds of communi=ion 
were associated with greater observed and reponed conflict 
between shifts and occu~tional groups. Whether past con
flict reduced present contact, or if conflicts arose through 
misunderstandings caused by inadequate or incomplete com
munication, is impossible to say with the data available-a 
combination ofboth is mOst likely. Expressions of personal 
satisfaction were lower among AMPs in these five sites. 
AMPs were less likdy to say they planned to stay with that 
employer, and in a rew sites mechanics and/or planners said 
they were considering leaving aviation maintenance alto
gether. 

23.6.2 Quali1¥ Performance Infonnation for 
heavy maintenance ("C" check) 

"Hard numbers3 were not available to AMPs at most sites 
visited, but the following indicators were often at the core of 
their concerns and discussion with others about final results 
- • getting safe aircrafi out on time." 

I) Maintenance. 
Doing it right the fust time. Indicated by the time 
(and/or iterations) required to perform a repair that 
will be approved by inspection; tl- :S includes rework of 
completedworkrejectedbyinspection,aswellas"fulse 
statts caught by lead mechanics, foremen, engineers 
or inspectms, and begun ;:gain during the repair pro
cess. 

Underestimated repair severity. Includes severe de
fects identified as minor, or identified after initial 
inspection, indi=ed by underestimated repair time or 
adjusted coordination of repair jobs to accommodate 
for omissions or optimistic assessments of defects 
identified early. 

2) Inspection. 
Absence of Turnbacks. Involves the assessment of 
severity of a defect such as corrosion or fuselage cracks 
-less severe defects that were identified were indi
cated by the presence of some number of non-routine 
defect "tum backs" to inspection by maintenance. 

3) Planning. 
Dynamic but realistic schedules. Measured by the 
ability to adjust the maintenance schedule and spare 
parts .:>rdering so that revised check completion dates 
can be realistically met. This performance rdies on 
being able to account for complex interrdations among 
the individual repair jobs contained in the heavy 
check. 

23.63 I inkages bmveen Practices, Attitudes, 
and Performance 

Quality performance, as measured above, was highest in the 
threesitesdescribed earlier as having higher levds of commu
nication. The high degree of "technica1" or goal-rdated 
communication within and between occupational groups 
and hierarehicallevds in these sites contributed to a focus on 
timdiness of repair and/ or quality. 

In the two small sites of the three, scheduling changes were 
performed by the foreman in consultation with lead me
chanics, while in the larger site the maintenance foremen 
stayed in close touch with planning and QC as work pro
gressed and the schedules changed. 

In association with the less frequent communication and 
contact observed at the remaining five sites, AMPs displayed 
and reponed greater conflict between shifts and occupa
tional groups. The five sites also displayed or reponed lower 
quality performance as measured above. 

2.4 CONO..USIONS 

Among the accepted causes of work quality is the committed 
attitude, the high levd ofknowledge, and the positive state of 
mind of employees performing that work. Conversdy, nega
tive attitudes, lack ofknowledge, and disquieted mind relate 
tO poor quality and a reduction of safe conditions and 
outcomes. This study obtained measures of the amount of 
communication about the work and interpersonal suppon:, 
the levds of trust, and the degree of frustration or facilitation 
ofhuman needs. Impon:antsources of employee attitude and 
ST.ate of mind in aviation maintenance were found. The 
conclusions to follow are directed at stressing these impor
tant aspects. 
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VP 

, ____________ Operations 

Director Of t Quality 
Control 

j VP ---- Maintenance 

Director Of 
Planning 

~ , 
~ 

Director Of 
Maintenance 

Planners I 
Shift Foremen Maintenance Store 
Quality Control Shift Foremen Room 

Sheet Metal ~ t 
Sheet Metal Lead men ~ 

A&P Mechanics 
Mechanics -Inspectors -

Ftgore2.0 
Conunon Communication Pattern -All Sites 

2.4.1 MAJORORGANIZATIONALCOMPO-
NENTSidentifiedasaResultoftheSystem 
Scan Analysis 

DEDICATION: It is not an exaggeration to state that all 
employees and managets of the heavy maintenance 
systems ·nsited in the course of the present srudy are 
dedicated to safety of flighL To their credit, most 
mechanics, inspectots, plannets and their managers 
wantto be able to see the "big piaure," and to have real 
competence in complex detection and repair tech
nologies. Throughout the course of this study, the 
people observed were serious about their work, well 
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meaning, and bright. These are peoplewhowant to do 
their best for safety. 

ENJOYMENT OF WORK: It is also true that an over
whelming majority of mechanics truly enjoy mainte
nance work and mechanical repair. 

RESPECf FOR COWORKERS AND MANAGERS: In 
the main, AMPs also like and respect their co-workers 
and managers. In the smaller, regional carriers in 
particular, the relationship between inspectors and 
mechanics is mutually respectful and professionally 
useful for both parties. These mechanics learn ad
vanced repairs and detection from the more experi
enced inspectors, and the latter learn by and from the 
teaching. 
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VP 
Operations ... .._ _____ ..I 

Director Of ----------
Quality ----
Control 

Director Of 
Planning 

t 

VP 

Materials 
Manager 

Maintenance 

Planners '-.. ~ 

L---....1 ' ; 
Shift Foremen 

Quality Control ..,.·-······-·-·······-····-··--

A&P 
Inspectors -·-··--------··-·· Mechanics ....---------L.----11 

F..gure2.1 
Maintenance in Control of Work Assignment 

PARTICIPATORYMANAGEMENT:Excdlentandwell 
proven management practices, and resulting high per
fOrmance, were observ<d in the course of the present 
study, but they were not the norm. Panicipatory 
management in combination with high performance 
organization, was observ<d consistently in just one site, 
and noted to a lesser extent in two others. 

In the one truly excdlent site visited, shift foremen behaved 
quitedifferently than in the other companies. These foremen 
had been trained in, and encouraged to hold, daily work
related meetings with their AMPs. They met at least weekly 
with other foremen and their superior. In addition, theywere 
responsible for the pursuit of a conscious and public mainte
nance mission and. for setting and achieving measurable 
objectives. They were expected to provide work direction, 

encouragement for high AMP performance, as well as in
sight and action when perfOrmance was poor. 

Many of the other sites observed reflect a pattern of manage
ment practices and results that roughly matches the Ameri
can national norm for completely standard practices: 
functional organization, firm goals, traditional supervision, 
and sufficient controls to guarantee minimal required out
comes. These practices do not seem to measure up in the 
current environments for motivating or developing employ
ees; even as they may continue to tum out acceptable repairs. 
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F.gure2.2 
Planning in Control ofWork.Assignment 

MISSION 

I. Definition: An effective mission- published, dis
cussed, internalized and acted upon - is no mere 
slogan. It can be the driving force in ensuring 
worksystem excellence. It guides and unites the people 
of the organization in their pursuit of product "perfec
tion," and it thereby also helps to cement the link 
betWeen the organization and its customers. 

2. Findings: 
a. Most sires had no explicit mission, for Mainte

nance or the Company. None of the AMPs 
interviewed had participated in developing a 
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written mission statement fur their department 
or fur their company. Nor did any report having 
=norheardofanysuch formal statement. As to 
their own undemanding of their mission, two 

statements were typical. The usual statement 
was: "We all want safe aircraft." In addition, 
some AMPs reported that "the Company wants 
fast turnaround." Combined - and with a 
course of action specified - these two state
ments might serve as the nucleus for a truly 
effective mission, serving and uniting the inter
ests of workers, managers, passengers, share
holders and even regulators. Y ct only in three of 
the sites visited was such an integrative mission 
and action plan observed in print, speech or 
practice. 
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F.gure2.3 

A&P 
Mechanics 

Inspection in Control ofWorkAssignment 

b. Having two 'sub-missions' is not seen as realis
tic. The AMPs obscrv..:l in this srudy clearly 
accept..:! the dual "mini-missions" of quality 
repaits for aircraft safety, and speed of tum
around as relevant. They know that both of 
these aims are important. Butwhichwaytolean? 
Without a sense of success in achieving both, the 
essential unity of these aims is replac..:l by feel
ings of organizational confusion, psychological 
stress and interpersonal strain. Most of the time, 
in many of the sites, the expectation that they 
will fulfill both sub-missions at the same time is 
felt by the AMPs as dearly unreali.,tic. 
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c. Most choose 'safety' 2S their mission; in con
flict with 'speed..' In response to their conflia
ing-aims dilemma, the AMPs interview..:! and 
observ..:l favor<J ~ (quality/accuracy) as 
their everyday work priority. Under the normal 
demands for fust turnaround, they did make 
their best ef!Orts to move the work along how
ever, but not so quickly that llig: ,tsaferywas put 
at risk. And, of course, that is the right thing to 
do. But doing the right thing leaves many 
AMPs in conflia over the other right thing. It 
makos their privare choice in fu.vor of safety of 
flight feel incoPsistent, and it leaves them feel
ing at odds with their management's rightful 
demands for speedy turnaround. 



d. Under pressure, 1he 'mission' reverts to 'fixing 
things.' When 1he workload went up, with 
considerably more turnarounds and repairs ex
pected, AMPs at several sites were observed to 
wait passively fur their work assignments to be 
handed our by the supervisor. Their "mini
mission" then could be seen as neither safety nor 
speed. Instead, their guiding rule was clearly to 
"just fix things (safely}, as assigned." 

As the work was assigned, the AMPs performed their allotted 
tasks with all the care, skill and effon required. But their aim 
had dropped: from the safety mission (with an awareness of 
the clock), to merely doing the immediate task at hand (with 
flight safety still in mind, and the inescapably clanging clock 
considerably more in mind than usual). 

CULTURE 

The prevailing culture in heavy maintenance contains an 
individualistic attitude among mechanics, combined with a 
cooler passion fur airplanes and flight amo'1g the newer 
employees than was common with an earlier generation. 

Increasingly, people are taking airline jobs at both the top 
and the bottom levels for more prosaic reasons than a love of 
airplanes. Employees today seem to be generally less willing 
than their counrerp.:;.rts in the past to share responsibility by 
working closely with others. The obligations an individual 
A&P mechanic takes with rhe FAA license, and rhe personal 
lirJJiliry thar enrails, were reponed to have the effi:cr of 
making AMPs and their SUpet'-isors less eager to share work 
across shifts, or with less experienced or less skilled col
leagues. One result of this is slower turnaround (incurring 
delays when key employees are absent). Another result is a 
considerable limitation of the opportunities fur AMPs to 
effectively exchange ideas or infOrmation. Learning was 
therefore hampered, too, and with it, skill development so 
important to the quality of work performed. 

AMP EXPERIENCE 

Most heavy maintenance sites visited had AMPs with very 
long service, very shon service, and very few in the middle. 
The "younger" AMPs (those with less experience) wereofien 
specialists in the large sheer metal repairs or laborious inspec
tions called out by recent airworthiness directives (ADs). 
Many of the AMPs with less ccperience had less than 
complete advance preparation fOr complex structural repairs 
thus OJT and formal training were necessary. 

Most of the companies srudied hire new mechanics and 
planners direcrly from A&P schools. These new employees 
learn model-specific information about i:u-ge passenger air-
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crafi in formal classroom training conducted by their em
ployers. For more specific details of airframe technical re
pairs, new AMPs mainly learn on the job. 

Although many companies encourage AMPs to hold A&P 
licenses, there remain AMPs who do not, especially among 
the sheer metal mechanics. Sheermetal mechanics who do 
have an A&P license repon they received little preparation 
fur rhis specialty at school. Few AMPs in rhe study felr well 
prepared from eirher school or subsequent training to under
take complex structural repairs or use complex NDI equip
ment. Such skill is developed on the job. 

CONTROL OF WORK ASSIGNMENT 

A struggle fur o:mtrol over maintenance work was observed 
between maintenance and planning in several sites. This 
struggle is beginning to take on a different and more complex 
dimension as computerized planning becomes more com
mon. Where such a system is not very carefully managed and 
designed, it can become "control by computer," with a 
rigidity and singular focus that can act against the intentions 
of its sponsors and creators. 

2.4.2 MAJOR ORGANIZATIONAL 
COMPONENTS Identified as a Result of 
Technical System Analysis 

Key Variance Control 

Early key variance corrections have reduced COSts and r,:;.ised 
morale. Not getting the needed cross-department coopera
tion sometimes blocks the path. 

Maintenance foremen in some sites could not always obtain 
the coordination and cooperation they r -xded from other 
departments in order to attend to "critical parh repairs." 
Critical path items were those minimum critical repairs (in 
panicularkindsofflaws,defecrs,fatiguewear,anddamageto 
rhe aircraft) which determined the course of the overhaul: 
These particular defects in aircraft condirion were under
stood as the "key variances" in overhauL When key variances 
were detected early and repaired cotrecrly the first time, long
term maintenance COSts were reponed to go down while 
maintenance morale rose. 

Sometimes these variances were not detected during the 
preliminary inspection, and occasionally rhe extent of fatigue 
damage (particularly corrosion) would nor be revealed until 
!are in the overhaui. Apparently this latter situation is not 
unusual. In many of the sites visited, the aircraft observed 
had corrosion or (less frequently) ramp damage that required 
more than the original estimated time to repair. This sirua-
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tion meant that therewasaregular, but nast:y"surprise" that 
defeated efforts to complete the overhaul on time or within 
budget. 

2.4.3 MAJOR ORGANIZATIONAL 
COMPONENTS Identilied as a Result 
of Social System Analysis 

Organi7ational and Group Teamwork 

Individuals and groups at several sites did not always work 
together effectivdy. Several facto IS appear to be contributing 
to this less-than-ideal state of cooperation and coordination. 

Interviewees listed difficulties with work organization, guid
ance, and training in the face of an increasing work load 
along with the increosing complexity of repair for aging 
aircraft. AMPs at several sites reported that they were too 
ofi:en unable to obtain parts in a timely manner. This 
contributed to an uneven work Bow complicating work 
coordination and creating additional frustrations for me
chanics and supervisoiS. Fairly frequent and sometimes even 
heated discussions with otheiS about the correctness of 
repaiiS, when no prior standard seemed to exist, was also 
reportedasdisconcertingtoevetyoneinvolved. In summary, 
despite the best efforts of all concerned, a truly effective level 
of teamwork was not the norm at several of the maintenance 
work systems studied. 

In some cases, more experienced mechanics questioned the 
motives and performance or younger mechanics. In these 
sites, mechanics and inspectoiS on a given shifi: did not 
approve of work perfOrmed on a preceding shifi: and/ or 
would not trust their own work to the oncoming shifi:. 

Although there appeared to be some misunderstanding and 
negative feeling between mechanics and inspectoiS, the main 
feeling was one of mutual respect for the separate roles and a 
civilized agreement to disagree. Mechanics in some sites said 
that they did whatever work the inspectoiS required. Fore
men and mechanics in other sites said that inspectoiS were 
inconsistent, and this caused them to over-process and 
unnecessarily replace parts. Sheet metal foremen in many 
sites felt that the inexperience of new inspectoiS was a major 
issue. lnspectoiS said that there were occasional issues be
tween themselves and the mechanics over the interpretation 
of standards in the structural repair manual (SRM). lnspec
tOIS in many sites reported requiring more engineering 
variance authorizations (EV As) before approving non-SRM 
rep:!irs. Inspectors in some sites said that the quality of the 
mechanics' work needed to be improved. 

The production control or planning group was ofi:en identi
fied by respondents in the sample (including planneiS and 
coordinatoiS themselves) as the least salient, most oveiSraffed 
unit. They reported having (and were reported to have) less 
training and less well-defined standards than they would 
need to best contribute to an effective hangar maintenance 
system. When the planning group obtained, or was granted, 
control over work assignment, the results on productivity 
and hangar morale were usually described in negative terms. 

Internal Maintenance System Boundaries 

Existing organizational boundaries are not appropriatdy 
drawn in several sites. Their current boundaries tend to 
create separate oxganizations within the same system, en
courage finger-pointing, and promote more politics than 
productivity. The necessity to cross these boundaries (for 
example between materials and maintenance or between 
shops and maintenance) has built-in difficulties in negotiat
ing demands in support of the systems requirements. When 
these separate departments have conflicting goals, and di
verging or incomplete undemanding of the maintenance 
and company mission, these difficulties would occasionally 
escalate near the limits of the system's ability to cope. 

In a number of the sites visited, both management and 
AMPs reported that morale was lower than it had been in the 
past, and that absence and turnover among AMPs was 
increasing. Respondents said turnover caused by poor mo
rale was in part the outcome of frustration over work 
coordination, concerns about being asked to do more than 
can be done, and lack of cooperation and communication 
among separate departments. 

Despite all this, mechanics and inspectoiS said they liked 
aircrafi: maintenance work and most of them expected to 
remain in the industry. Many, however, were not sure if they 
would stay with their present employer. Planners, on the 
other hand, said they were less li_l<ely to stay in maintenance 
at all. They reported that their jobs were less challenging and, 
as a group, felt they were held in low esteem by other AMP 
groups. 

2.5 RECOMMENDATIONS 

2.5.1 Guidelines for Management 

Based on the results of the general overview produced by this 
study, it is important ro strengthen the relationship between 
AMP technology, coordination and cooperation, and per
formance. 
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The goal of this first ser of recommendations is to create 
guidelines which draw conclusions about the effective use of 
the human factor - in patterns of rommunication for 
effectively getting work done, together with satisfying the 
AMPworkforce;andtousethesefindingstocreateguidance 
to maintenance managers and supervisms for improvement 
of such communication in the maintenance function. It is 
recommended, therefore, to develop management guide
lines for improving communication in maintenance work. 
In panicular, the guidelines should =phasize communica
tion styles and techniques useful in applying new or known 
effective AMP technologies. 

Oudines and drafi: guidelines should be field tested with 
maintenance managers for feedback of those oudine materi
als. From this feedback the guidelines for effective rommu
nications within maintenance organizations would be 
developed. 

Guidelines as created should be ronsistentwith the develop
ment of maintenance teamwork training derived from cock
pit resource management (CRM) experience in the indt.:Stry. 
Further, the guidelines should be written 'n a style and 
format for use by maintenance management personnel. 

I) Delivera.'lourlineforcommunicationguidelineswhich 
a) specifies: 

.fu'viP attitudes about the local organization. 

Maintenance management sryle. 
Maintenance organization purpose, long-term 
objectives, and short range goals. 

Maintenance organizational structure. 

Job design for applying the technology. 
Patterns of coordination and communication in 
applying the technology. 

Success in attaining goals and objectives in pur
suit of purpose. 

b) Describes the oudine topics in terms of case 
studyandobservationsalreadycollectedin.fu'vi:P 
studies described in this report. 

2) Present this oudine to maintenance managers in the 
industty and obtain feedback of topics and roncept. 
Deliver an interim report describing the results of 
analysesofdatacollectedreceivedduringfeedbackand 
field tests. The deliverable at this interim stage will 
provide further elaboration of the oudine topi.:s based 
on field test of the previous case studies a,,d observa
tions and added illustrative material obtained during 
the field tests. 
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3) Deliver a final and derailed report of me Communica
tion Guidelines for effective rommunications within 
maintenance organizations. The Guidelines shall be 
written for maintenance management personnel. 

2.5.2 lndmtty Validation of the Findings from 
the Present Study 

The present study, as described, was intended to provide a 
rapid diagnostic picture of current U.S. experience. The 
study necessarily focussed on a narrow slice of aircraft main
tenance, it employed informal measures of collecting data, 
and it was produced from a small sample rather than from 
the comprehensive population of companies comprising the 
industty. 

The second major recommendation suggests more formal 
and comprehensive measurement by and for the commercial 
aviation maintenance industty irsel£ For a permanent and 
definitive record of the inrlustty it would be valuable to 

quantifjr and expand r.'Ie present srudy th:nugh the develop
ment of a forrrud survey questionnaire, designed and admin
istered by the industty irsel£ For such a quesriollilaire a larger 
and representative sample of companies and their employees 
and manage!S nationwide would be drawn, and the area of 
interest would be extended from heavy maintenance of 
fuselage to all heavy maintenance activities in all areas of the 
aircrafi, and to maintenance at the flight line as well. The 
data collected should alsc include the experience of working 
with newer aircraft. 

Specific steps to quantifjr and expand the p=ent study: 

Develop a formal survey questionnaire from the find
ings reported here. Extend the area of interest from 
heavy maintenance of fuselage alone, to at least all 
heavy maintenance activities in a!! areas and systems of 
theaircrafr. 

Specifjr questions the answers to which can be quanti
fied into scaler values. 

Obtain response and advice about t.'te questionnaire 
items from both management and labor representa
tives of the commercial aviation maintenance indus
try. 

Pretest the resulting survey insttument with a repre
sentative sample of airline maintenance employees, 
and correct or change items as required. Promote the 
support and cooperation of the industry's leaders for 
the survey. 
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Enrourage rompany managem;'!llts,local union repre
sentatives, and relevant professional societies to sup
port the SUIVey. 

Dmw a large and representative sample of companies 
and their employ= and managers nationwide for an 
initial administmtion of the swvey. 

Make the preliminary results available to the sponsor
ing parties for aid in interpretation of findings. 

Publish and distribute the final report within one year 
of the survey. 

Develop and conduct a series of industry-wide meet
ings to discuss the results of the survey and plan 
changes to be made on the basis of those disa.ISSions. 

2.5.3 Undenake Changes in Mainteoance 
Organivarion and Management 

This study may, in itself, provide sufficient validation of the 
stateofmaintenancesafetyeffortstopromptsomemanagers 
and ececutives to take action based on its findings. The third 
set of reromrnendations therefore includes the following. 

Increase the workforce competence. Increase and improve 
on the job (OJT) tmining by using ecperienced AMPs or 
qualified tminets who have themselves been trained i;1 ap
proaches to effective learning. Improve .md ecpand com
pany sheet metal and composites training for inspectors as 
well as mechanics. In addition to betterOJT, new intelligent 
tutoring systems should lend themselves to efficiency in this 
recurrent training. Expand and emphasize teantwork train
ing. Extending the effective training methods and curricula 
of rockpit resource management to maintenana: managers, 
foremen, and AMPs is suggested. 

Entphasize and support maintenance system centrality in 
rompany purpose. Each rompany should roncentmte on 
developing a clear rompany mission sr.!ement, and help the 
m:llntenance system enunciate its role in it. Maintenance 
mission for each company should likewise be developed, for 
which dear-alt goals and objectives can be created and 
pursued. All maintenance personnel should be able to de
scribe their role in achievement of these objectives and h<>w 
these fit with rompany purpose. 

Develop commitment to human values which reflects the 
desired pr.u:tices ofmanagementand employees, and which 
enhances the logic of those practices. Each company and 
maintenance system should have a statement of values about 
people, including (at least): employees, managers, shareltold
ers, contmct persor.nel, competitors, passengers. and the 
travelling publk.. There values should be able to link with 
management pmctices, and the mtionale fur them. 

For example, if an AMP doses out the current job card dose 
to the end of the work day, why should rhe use of personnel 
time clocks also be required? Dedicated workforce atten
dance and timekeeping fur personnel systems is neither 
required by labor law, nor is it the only effective way to 
acquire such data. AMPs are inconvenienced at the time 
docks by waiting a second time each end of shift for the 
ronvenience of personnel departments. Time clocks may 
not be in keeping with values which announce trust in 
employees and respect for their abilities. 

Another =rnple of the logic of human values relates to 
policies and pmctices of employee furlough, or lay-of!S. The 
value statement t.'w: claims employees are a most prized 
resource is difficult fur AMPs to reroncile with past lay-oilS. 
Of rourse a management cannot guarantee lifelong employ
ment, but such value statements invite the creation of a 
logical and visible set of steps to be taken by a company 
befOre any employee is laid off. Consistency in values and 
pmctice and an open attitude to communication with em
ploy= creates greater commitment to the company. 

Create and endorse teamwork in the maintenance system. 
Fliminate or modifY the boundaries between the various 
function specialties in the maintenance system. This would 
indudeplanning,shops,andcettainpartsofengineeringand 
materials groups. Even inspection can be designed to en
hance coopemtion with maintenance while continuing to 
romply with FARs for a sepamte QC department which 
reports, independendy, to top management. 

Reduce the emphasis on the individual contributor as the 
basic work unit in aviation maintenance, in favor of greater 
teantworkamongAMPs. Consider enhanced company role 
in ab initio AMP orientation training. Surely the current 
ecperiments with aircarrier opemted A&P schools will prove 
effective in imparting up-to-date technical knowledge and 
skills. 

Promote eccellence in management performance. Enrour
age foremen to hold daily meetings with their AMPs. En
rourage maintenance managers to hold at least weekly with 
their foremen. Emphzsize management and foreman re
sponsibility fur the pursuit of a conscious and public main
tenance mission and for setting and achieving measurable 
objectives. Expect foremen to provide work direction, and 
encouragement for high AMP performance, as well as in
sight and action when perfOrmance is below par. Involve 
AMPs in decision making and problem solving about mat
ters that affect them at work. Ensure that communication 
throughout this management system is two way. 
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2.5.4 Communication Guidelines 

The first yea;- of this research was f<\cused on identification 
.mD~tkmofcommunicationpGit::ti<;aia maiaccnaacc 
organizatioJ:Js. During 1991 a handbook will bedevdopoi to 
provide practical advice to improve such communication 
praaices. 
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Chapter Three 
The Maintenance Technician in Inspection 

3.1 INTRODUCTION 

The problem of improving the reliability of aircraft in
spection and maintenance is multi-facetal, so that this 
chapter only details one part of the Faleral Aviation 
Adminisrration and Galaxy Scientific Corporation ap
proach to solutions. Justification in terms of fleet age, and 
maintenance philosophy is presental dsewhere in the 
NAARP and this repon. 

The objectives of this task can be statal as: 

This aspect of the NAARP Human Factors plan is to 
determine typieal human-system mismatches to guide 
both future research and shon-term human &crms imple
mentation by system participants. Also, by providing a 
human factors analysis of aircraft inspection, it is intendal 
to make human factors techniques more widely available 
to maintenance organizations, and to make aircraft main
tenance more accessible to hu"'an &ct01s practitioners. 

To meet these objectives, the context of aging aircraft 
inspection is imponant to show the relationship of this 
rask to improval airwonhiness and public safety. If an 
aircraft is to be properly maintainal, the maintenance 
system must either be error-free or error tolerant. Cracks 
and corrosion in the metal structure of commercial aircraft 
ate a fact of life; there will always be defects present. 
Correc:ion of defects demands detection of defects, and 
this is one area where systems improvements should be 
lookal for. The system for defect detection consists of a 
human inspector aidal by various machines. Humans 
and machines ate both f.tllible, so that ways ate necxlal to 
make these system components less error-prone, and the 
system more error tolerant. The detection/repair strategy 
used throughout the world is to specif)r a maintenance 
interval such that if the defect is too small to detect on one 
check, it will be both huge enough to detect and small 
enough to be safe on the subsequent check. However, 
f.Uluretodctect a crack or corrosion which was in &a latge 
enough to be detectal does not give the same levd of 
assurance that it will not cause a problem befOre the next 
check. 

The aircraft inspection system is a complex one, taking 
place at sites ranging from large international carriers, 
through regional and commuter airlines, to the fixal-basc 
operators associatal with general aviation. Inspection, 
like maintenance in general, is regulated by the FAA in the 
U.S.A and equivalent bodies in other countries. How
ever, enfOrcement can only be of following procedures 
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(e.g. hours of training and record-keeping to show that 
tasks have been completed), not oftheeffectiveness of each 
inspector. Inspection is also a complex socio-technical 
system (faylor, 1990), and as such, can be expa:tal to 
exert stresses on the inspectors and on otherorganizational 
players (Drury, 1985). 

Just as effective inspection is seen as a necessary prerequi
site to maintenance for s:;"":ry, so human inspector reliabil
ity is fundarnenral to effective inspection. The inspection 
system will be described briefly to provide a background 
fur the inspection Task Analysis which follows. Data was 
collectal from six sites in the Unital States, two each for 
three major nationailinternational carriers. (In addition, 
some observations were made at the maintenance sites of 
two European carriers, but no detailed Task Analysis data 
was coli ectal at either site.} Major carriers were chosen to 
reduce the variability of mspectionsystems observal, with 
the aim of collecting usable data within a limited time 
frame. Regional and commuter airlines, and aircraft 
rep2lr Stations will be added during the second year of the 
project. 

3.2 1HE INSPECTION SYSTEM 

Aircraft fur commercial use have their maintenance and 
inspection procedures schaluled initially by a team in
cluding the Federal Aviation Administration, the aircraft 
manu&cturerandstart-upoperators. Theseschalulesare 
then taken by the carrier and modified, in a process which 
must meet legal approvals, to suit the carrier's require
ments. For example, an item with an inspection interval 
of5,000 hours may be brought forward to a 4,000 hour 
check so thac ic can be performed during a cimewhen the 
aircraft is li'1detgoingotherplannal maintenance. Within 
the carrier's schedule will be checks at many different 
intervals, from flight line checks and overnight checks, 
through A, E and C<:hecks (ofren in themselves subdi
vidal,e.g., C..l, C-2, ... )to the "heaviest" level or D-check. 
This project has concentrated on C. and D-checks be
cause these ate the times at which most detailal structural 
inspection of airframe components is undertaken--the 
focus of the National Aging Aircraft Research Program 
(NMRP). 

As an aircraft is schedulal for a heavy check, all of the 
required inspection and maintenance items are generated 
by a Planning Group within the carrier's maintenance 
organization. Items included scheduled known repairs 
(e.g., replace an item ali:er a certain ainime, number of 
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cycles or calendar time), repair ofit<:ms ciscovered previ
ously (e.g., &om pilot! crew reports, flight line inspections, 
items defetted from previous checks), and scheduled 
inspections. The inspections are apected to !earl to 
repaiiS in certain cases, i.e. if a defect is round by the 
inspection system. With the aging fleer, it is of some 
interest that scheduled repairs now account for perhaps 
30% of all tepaiiS, rather than the 60-80% seen in earlier 
yeaiS, due to the finding of more age-related ruucrural 
defi:cts in the aircrafi. 

Becausesuchalargepartofthemaintenanc:eworkloadon 
a particular check is discovered during inspection, it 
remains an unknown to the Planning Group. Mai.·Ite
nance technicians (AMfs) cannot be scheduled until the 
worklood is known, and replacement parts cannot be 
ordereduntilrheyarediscoveredtobercquired. Forthese 
r=ns, it is imperative that the in<:oming inspection be 
completedassoonasposstblea.lierrheaircraliarrivesarthe 
maintenance site. This aspect of the organization of the 
inspection/maintenance system gives rise to certain pecu
liarities of ergonomic importance. 

As it is imperative that all defects requiring repair be 
discovered as quickly as possible, there is a very heavy 
inspectionworkloadatthestartofeachcheck. Tokeepthe 
number ofinspectoiS within bounds despite this sudden 
workload requirement, most airlines use considerable 
overtime during "check-in" of an aircrafi:. Thus, if there 
are ten i.ttspectoiS regularly working each shifi, double 
shifts can give elfeccively twenry inspectoiS for a short 
time. Hence, for the first, perhaps, six shifts after check
in, inspectors c:xpect considerable overtime, leading of 
coUISe to prolonged holliS ofinspeccion work. Also, as an 
aircrafi rypically arrives after service (e.g., 2200 to 2359) 
much of the inroming inspection is on night shili. An
other factor predisposing towards night shifr irL<pection 
work is Non-Destructive Inspection (NDI, or l\'DT fur 
testing) involving hazardous materials such as X-ray or 
gamma-raysources. Forsaferyreasons,suchNDiworkis 
rypically performed during work breaks on night shifi 

when a minimum number of people need to be inconve
niencedtopreventradiationexposure. Notethatanytime 
spent at the maintenance site between about 2300 and 
0700 will not generally incur a loss of revenue as curfews 
prevent landing< and take-offi berween these holliS at 
marry U.S. airports. 

Before each inspection can be performed, there are certain 
.1.ctivities necessary for rorrect access. The airciali may 
need to be cleaned inside and out (e.g., cargo hold below 
galleys and toilets), paint may need to be removed (e.g., on 
fuselage crown for NDI oflap-joint areas), pa.rrs of the 
aircrafi may need to be removed (e.g., seats and cabin 
interioiS for internal inspection of stringers or flaps and 

46 

slats to inspect their tracks), or access panels may need to 
be opened (e.g., panels in vertical stabilizer for a= to 
control wires and control actuation mechanisms). As 
inspection is performed, each defect found leads to a 
report being filed. This, variously called a Non-Routine 
Repair (NRR) report, or a Squawk, is added to the work 
packofrepaiiS required before theaircrafi can romplete its 
check. This NRR in itself generates the new wotkcards 
necessary for its rompletion, often via the Planning Group 
or Production Control. It may also generate the need fm 
additional inspections, for example, to ensure that certain 
nuts are torqued rorrectly during i!lStallation, or that a 
skin patch ("scab") has been correctly added. These 
subsequent inspections are called "Buy-Back" inspections 
in the U.S. Typically, as a check progresses, the inspection 
workload both decreases due to completion of incoming 
inspection, and changes in nature due to a greater prepon
derance of buy-backs. Also, the rhythm of the work can 
change, as inroming inspection starts out with relatively 
few interruptions, but interruptions increase in frequency 
as AMT s call in inspectors to perform buy-backs of 
completed repairs. 

3.3 METIIODOLOGY 

With the objective being to locate human/system mis
matcheswhich rould lead to error, the basic methodology 
had to be one of direct observation of, and interviewswith, 
system participants. Although an undeiStandinghad to be 
developed of how the system should work, the major 
emphasiswasonhowthesystemdoeswork. Theaimwas 
not to evaluate the observed systems against published, 
legal standards, but to determine how the system func
tioned. Promulgation and change of regulations is only 
onewayofenhancir.gsysrem performan= In systems as 
large and romplex as aircrafi inspection it is natural to 
expect a variery of ways to acromplish multiple (ofien 
ronllicting) objectives wirhin an exisring legal framewor'«. 
All data was rollecred anonymously to enhance its validity. 
Two points should be noted: 

I. All system participants were open and honest 
with membeiS of the Task Analysis team. Every 
peiSOn we met was highly motivated, and hon
est, as we!l as genuinely roncerned to improve 
system effectiveness. 

2. If the team's task had been to measure compli
ance ·.vith existing regulations, it Would have 
used an entirely different methodology. 

Error-prone human/system mismatches occur where task 
demands exceed human capabilities. The necessary com-



parison is made through the formal procedure ofT ask 
DescriptionandTaskAnalysis{Drury,er.aL, 1987). Task 
Description is the enumer..rion of necessary rasksteps, at 
a levd of detail suitable fur the subsequent analysis. Task 
An:Uysis uses data and models ofhuman performan"" to 
evaluate the demands from each task step against the 
capahilitiesofeachhumansubsystem required forcomple
tionofthatstep. Examplesofsuhsystemsaresensing(e.g., 
vision, kinesthesis), information processing (e.g. percep
tion, memory, cognition), and output (e.g. motor control, 
fo= production, posture maintenance). Thus, the sys
tem functions and tasks must be observed, and analyzed, 
through rhe filter of human factors knowledge, if more 
than superficial recommendations are to be made. There 
were two good starting points for this endeavor: 

l. Existing h:!man factoiS theory and case studies 
ofinspection in manufacturing industry (Harris 
and Otaney, 1 %9; Drury and Fox, 1975; 
Drury, 1984). 

2 Exirung investigations ofhuman capabilities in 
aircraft inspection (e.g. Lock and St;utt, 1985). 

Although general Task Analysis systems arewiddy avail
able {e.g. Drury, et.al., 1987), it is advantageous to use a 
system directly rdating to inspection. Much human 
factors research in industrial inspection (quality control) 
has produced the following four major task steps for any 
inspection job: 

L 

2 

4. 

Pr=nt item to inspector. 

Search fur i!aws [mdications). 
Decide on rejection/acceprance of each flaw. 
Take appropriate action. 

Noc all seeps are require:l for all inspectioP.s. Thus, some 
proa:sscs require no search (e.g. judge111ent of the color 
match for painted surfa<:es), while others require no 
decision {e.g. noting the complete absence of a river head 
on a lap splice). In the aircraft inspection am ten, a rather 
longer Task Description is required, expanding the "Present 
item to inspector" task to include both setup of task! 
equipment, •nd access to the correct point on a large and 
complex aircrafi:. Table 3.1 shows a seven-task generic 
Task Description, with examples from each of the two 
main types of inspections: Ytma! Inspection (VI) a;1d 
Non-Destructive Inspection. Visual Inspection is still the 
dominant mode, at least 90"Al of the total workload. 1\'D l 
includes eddy current, ultrasonic, X-ray a.-.d gamma-ray 
inspections to render cracks visible, as well as augmented 
visual inspection, sud- as dye-penetration testing and 
borescope use. Note that in both cases the Task Descrip-
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tion unit is the workcaro, or worksheet, and that L.,e task 
is seen as continuing until a repair is completed and passed 
as aitworthy. The workcard is the unit of work assigned 
to a particular inspector on one physical assignment, a.'"!d 
can have a work content varying from one to eight hours, 
or perhaps longer. TyPically, a workcard is eq>ecred to be 
completed by an inspector within a shifi, although ar
rangement> can be made fur continuation across shifis. 

Becausetheworkcard was taken as the unit ofai1alysis, a.'1d 
given thar a work card can contain many inspection items, 
the count ofworkc:mls observed during the Task Analysis 
in facr includes a grear quantity and variery ofinspecrior.. 
tasks. As an example, rhe C<:heck workcard for derailed 
inspection of the empennage can include checks for 
broken or worn enema! parts (friction tabs), checks of 
each of several hundred rivets for imegrity, checks for 
bumps, dents, buckling orotherda.-,agetoskin, meeks of 
freedom of movement offlightsurfuces (elevators, rudder, 
time taps, servo tabs), meeks of wear/play in activating 
cablc:s or bushings, and checks for cracks or corrosion in 
internal structures. 

From the Lock and Strun {1985) report had come some 
derailed Task Descriptions of one particular inspection 
task (empennage inspection on B-707), and the Task 
Description!T ask AI-.:Uysis methodology used here was 
to-red to <:t15Ure thar it would cover such d=iptions. 

The methodology employed was to perform site visits to 
obtain derailed Task Descriptions. On a typical site visit, 
interviews with system participants at all levels helped to 

collect data on thestn.tctureand functioning ofthesystetn 
(e.g. organization, training) as well as collecting data on 
rareeveniSsuchassystemerrors. Directobservationswere 
perfOrmed by having human factors analystsworkwith an 
inspector during completion of a worl:canl. They ful
lowed the inspector, asking probe questions when neces
sary, and taking photographs to ill=e points such as 
lighting, fide of view, access problems or appea.-ance of 
discovered defects. Task Descriptions were then tran

scribed onto standam working forms (Rgure3.1), wirh a 
n<W p-.ge for each of the five steps in the generic task 
analysis. At a later time, knowledge of human fucrors 
models of inspection (e.g. Drury, 1984} and of the 
functioning ofindividual human subsystems (Sindairand 
Drury, 1979) was used to list subsystems required (A, S, 
P, D,M, C. F. Pin Figure3.1)andanypotentialhumanl 
system mi,matches under Observations in Figure 3.1, to 
romp!ete the Task Analysis. 

In addition to r.l-,is work, other NAARP activities were 
undertaken, including CAI\/F AAliaison, STPG Human 
Factors in Aircr;i.(Ci: !-.:1ainrenanc:: contributions, and deliY
cryofpapcrsar FANNAARPmeetings (seeAppendixA). 
All contributed to system understanding. 



Chapter Three 

TASK DESCRIPTION VISUAL EXAMPLE NDIEXAMPLE 

I. Initiate Get worl<card, read and 1D1derstand area Get worl<card and e<idy currem 
to be covered. equipment. cahDrate. 

2. A.cc= Locate area on aircraft.. get in10 correct Locate area on aircraft. position self 
position. and equipmenL 

3.Search Move eyes across area systematicall~ Move probe over each rivet head. 
Stop if any indication. Stop if any indication. 

4. Decision Making Examine indication against remembered Re-probe while closely wa!ching 
standards. e.g. for dishing or corrosion. eddy cwrcnt trace. 

5. Respond Mark defect. write up repair sheet or if Mark defect. write up repair sheet. 
nc defect. return ro search. or ii no defect. rerum tiJ search. 

6. Repair Drill out and repla;:c rivet. Drill out rivet, NDT on rivet hole. 
drill out for over;ize rivet. 

7. Buyback Inspect VIsually inspect marked area VIsually inspect mar]red a.!ea. 

Table 3.1 Generic Task Description of Incoming Inspection with er:amples &om visual and 
NDI inspeclion 

3.4 RFSULTS AND DISCUSSION 

The basic system description has already been presented in 
the Introduaion, so that only examples ofT ask Analyses 
will he given here. The total numbers of workcards ror 
which Task Analyses were performed are shown in Table 
3.2, classified by aircrali: general area or zone. 

No sraristical sampling method was used to choose t.~ese 
pa.nicular rasks, rather the aim was to schedule visits when 
heavy ;nspea;on was taking place and follow one or more 
inspcctorsduringtheobservarionperiod. Interviewswith 
in.•pcctors hdped to ensure that ali aspects ofinspcaion 
were covered. The aircrali: types involved were Boeing 
727,737. and 747 types, and McDonndl Douglas OC. 
9 and IJC..l Os. Some engine inspcaions were observed 
where they conr...-ibuted techniques of interest, e.g. 
borcscope or X-ray fi!m reading (Figurr 3.1). With NDI 
tasks, the area of concentration was thestticcly inspection 
aaivities, e.g. film reading, while the =~nsive safety 
procedures required to dear the area for film exposure 
were nor recorded. Again, theaimwastodiscovcrsources 
of inspeaion error rather than aspects of system safety. 

Figures32and3.3showtheTaskAnalysisdocumentsfor 
a VI and a NDI procedure, respeaivdy. It would he 
pointless to provide oYer thirty such analyses, as they are 
the equivalent of raw data in an observational study such 
as this. Rather, it was necessary to devise a methodology 

48 

for integrating the findings. pa.nicularly the observations, 
which would lead towards discovering human/system 
mismatches_ 

However, it became apparent that the observations listed 
were those which ocrurred to the analysts during system 
observation and subsequent analysis. Amore comprehen
sive way was required for dcteair.g mismatches. It was 
decided to use a schema ror classifYing errots which was 
initia!Iydevdoped to aid rheSfPG process, and which has 
been furt..~er dcvdoped ~ part of the second yeas of the 
GSGNMRP endeavor. "This consisted of expanding 
each ofthetaskstepsgiven in thegenetic Task Description 
(Table 3.1) into its logicaiiy-neccssary substeps, and ror 
each substep to list all of the fuilu.re modes, similar in 
cona:pt to those of Failure Modes and EflCcts Analysis 
(FMEA), for example Hammer, 1985. The current list is 
shown as Table 3.3-

This list formed the !=is for classifying each obscr=ion 
by how it could cause a fuilure of the inspection system. 
Wharwasfound, whenthesewerecoumed, was that many 
of them involved factors which would tend to increase the 
probability of errors, rather than stticcly leading roan error 
;n a single step. Table 3. 4 shows how t.l,= observations 
were classified. 



TASK: Isotope (Gamma Ray) Inspection LOCATION: Second Stago Nozzle Guide Vane Area, JT9D-7nA - It ·-- -- . 

TASK ANALYSIS 

SUB-SYSTC:MS 

TASK DESCRIPTION A s p D M c F p 0 OBSERVATIONS 

SEARCH 

For each vane, search for the following X X X X •Nos. 1 ,2,3,4,6 illustrated in NOT 
indications: manual. No.5 described, not 

1. Trailing edge burning illustrated. 
2. Trailing edge bowing •No. 41s called 'missing are a Inner 
3. Airtoil bulging lug' on diagram In NOT manual. 
4. Missing vane Inner rear foot •No 'perlecr vane shol'm In NOT 
5. Broken vane mounting bott manual illustration. 
6. Tilt, measured between lines •If film does not cover area l:llJDpleteiy, 

AandF then high level of glare from open 
area of screen. 

::t •Some films may be slightly 
misaligned, masking vane trailing 
edges. 

•All defects have tow contrast. 

DECISION 

1.0 Measure trailing edge width for X X X X X X Edges not pertecUy sharp, making 
widest and narrowest on each measurement difficutt. 
film using calipers. Difference No specific decision rule for No. 1 
determines time to remove engine trailing edge burning. 
from service Twisted inner lug defect shown on 

figure In NOT manual but no reference 
2.0 Measure Line A to F distance to X X X X X X In text and no decision rule. 

get tilt (calipers). Tilt limit Reading calipers may be difficult in 
determines time to remove engine carkened room. 

A: Attention 5: Senses P: Perception D: Decision M: Memory C: Control F: Feedback P: Posture 

Figure 3.1 Example ofTaskAnalysis 
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AREA INSPECTED 

Fuselage: Internal 

Fuselage: External 

Fuselage: Apartures 

Wings 

'c:S 

Empennage 

Power Plant 

TOTAL 

VISUAL INSPECTION NDIINSPECTION 

1. Left fuselage skin longitudinal lap splice, B-747 
2. Lower lobe body skin longitudinal lap joint, B-747 
3. Cabin area inspection, B-727 
4. Tail compartment inspection, DC-9 

1. RH fuselage area inspection, B-747 1. Pressure bulkhead skin splice, eddy 
2. Fuselage skin longitudinal lap splice, B-747 current inspection, DC-9 
3. Fuselage skin lower panel inspection, B-737 

1. Passenger cabin aft entry door, 8-727 
2. Lower cargo door, B· 72? 
3. RH co-pilot's window replacement buy-back, B-737 
4. RH window #9, crazed window replacement, B-737 

1. Right hand wing landing gear, B-747 1. RH slat dosing rib· borescope, B-727 
2. RH wing inboard/outboard flap track #6, ultrasonic, B-747 2. RH wing inboard/outboard flap track 
3. LH/RH wing honeycomb pane, B-747 #6, ultrasonic, 8·747 
4. Right wing, DC-9 3. Right inboard elevator actuator, 
5. Left handling gear and well, DC -9 radiographic isotope, DC ·1 0 
6. Engine pylon fuse pin-bush migration, 8·727 
7. RH OTBD wing edge and controls, B· 727 
8. Right wing and leading edge, B-727 

1. LH/RH horizontal stabilizer and elevator, LHIRH vertical fin and 
rudder, DC-9 

2. Vertical fin tip/tension/horizontal attachment and elevator, B-727 
3. Empennage inspection, B-727 

1. Diffuser case rear rail, eddy current 
inspection, B-747 

2. Combustion chamber, borescopc 
(enhanced visual), B-737 

3. JT9D·7nA isotope, B-727 

23 8 

TABLE 3.2 Workcard Followed for Detailed Task .Analysis 
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Task: Wing and Leading Edge lnspedtion Location: Right Wing 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M c F p 0 OBSERVATIONS 

INmATE 

1.0 Supervisor briefs the inspectors. 
2.0 Assign specific tasks. 
3.0 Collect worl<card from card rack. 
4.0 Read worl<card. X o No feedfo!Wafd regarding 

the tasks. 
4.1 Read instructions. X o Key points missing. 

VI - 4.2 Identify area to be inspected. X X X o FIQures Inadequate to aid in 
locating the area. 

Annontlon: Number of time·sharud !aSks Memoly: STSS, Working, long· term S.nou: V~ual. Tactile, Auditory Contn~f: Cont~uous, Dlscmt 
Po,eptlon: Fudback: Quality, Amount, Timing Docltlon: Sensitivity, Criterion, Timing Pooturt: Reading, Foroos, Balance, E>tromo Anglos 

Figure 3.2 Task Analysis ofVJSuallnspection Procedure 
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Task: Wing and Leading Edge lnspedtion Location: Right Wing 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M c F p 0 OBSERVATIONS 
< 

ACCESS 

1.0 Ensure lhat elevators and spoilers are 
in raised position. X o No prior lnfonnation Ill inspector 

inspector regarding the 
opening of panels. 

2.0 Ensure the opening of panels by 
maintenanoo. 

3.0 Ensure availability of ladder pla«onn. X o Availability of ladder a 
problem. 

4.0 Carry the ladder to the area and 
adjust 1he height. X X o Slabiity of ladder poor. 

A: Attention S: Senses P: Perception D: Decision M: Memory C: Control F: Feed-

back P: Posture 
Figure 3.2 Task Analysis ofVJSuallnspection Procedure 
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Task: Wing and Leading Edge lnspedtlon Locattilll: Right Wing 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M c F p 0 OBSERVATIONS 

SEARCH 

1.0 Inspect slat structure, wiring and 
lnslallatlon. 

1.1 Check wear on male duct of telescopic 
shaft duct 

1.1.1 Check wear by moving tt and seeing if 
II is loose. X X o No prescribed Ioree. 

l::.l 1.2 Inspect slatwel area for corrosion and 
cracks. X o No slandards for wear. 

1.2.1 Hold flashlight such that light falls X o Holding ftashllght for a long 
perpendicular to the Sl1face. period at odd positions • 

strenuous. 
1.2.2 Visually look for aacks or corrosion. X X X o Lack of information on type 

of cracks and figures. 
1.2.3 The visual indication confirmed by lactile X X X 

and move sautinized Inspection. 
1.3 Look for play in slat actuator nut. 

AUntntlon: Number of time-shallld tasks Memory: STSS, Working, Long-term Sen"': V~ual, Taclile, Audi!Ooy Control: Conl~uous, Oiscret 
Perceptloo: Fee<lback: Quality, Amount, Timing Dtcltlon: Sensitivity, Criterion, Tim~g Pooturt: Reading, Forces, Balance, Ex~eme Angles 

Figure 3-2 Task Analysis ofV11mal Inspection Procedure 
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Task: Wing and Leading Edge lnspedlion Locallon: Right Wing :i -TASK ANALYSIS 

SUB-SYSTEMS 
i 

TASK DESCRIPTION 'A 5 p D M c F p 0 OBSERVATIONS 

SEARCH (Cont'd) 

1.3.1 Move tt by applying Ioree and see X o No gauges provided. 
II there is play. X o No recommended Ioree. 

X X X o No limits for aoceplable play 
given. 

2.0 Inspect fueling bay and instaliations. 
2.1 Open fueling bay door. 
2.2 Perfonn Intensified Inspection of fueling . 

';f:.. 
adapter flange 

2.2.1 Hold ftashlight at an i111Qie (grazing X X o The inspector was not wry 
incidence). clear about vdlat he was 

actually looking for. 
2.2.2 Look for evidence of bending or other X X o No specific diagrams b aid 

defonnalion. him in this. 
2.3 Re·install cover. 
3.0 Visually inspect wing span. 
3.1 Manually check the damps. 

A: Attention S: Senses P: Perception D: Decision M: Memory C: Control F: Feedback P: Posture 

Figure 3.2 Task Analysis of VISual Inspection Procedure 
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Task: Wmg and Leading Edge lnspoolion Location: Right Wing 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M c F p 0 OBSERVATIONS 

SEARCH (Cont'd) 

3.t.t Shake the clamps by applying force. X o Very subjectiYS task. 

' X X o No standards or procedure. 
X o Very cramped position. 

3.2 Check for corrosion on fuel shutoff cable. 
3.2.t Hold flashlight perpendicular 1o the area. 
3.2.2 Look (feel) for signs of corrosion. 
3.3 Look (feel) for softness in the panels. 
3.3.t Tap the panel using a coin. 
3.3.2 Look for change in sound. X X o No training of inspector 10 

look for change of sound. 
4.0 Inspect upper side of wing. 
4.t Mount the wing using belt attachment. o Made lhe inspector free from 

safety hazard. 

. 
Annentlon: Number of time·shared lasks Memo!Y: STSS, Working, LDng·term s.-: Visual, Tactile, Auditory Cant..,l: Continuous, Oiscret 
Percoptlon: Fetdbeok: Quality, Amount, Timing Dt<lolon: Sensitivity, Criterion, Timing PootuN: Reading, Foroes, Balance, Ex~eme Angles 

Figure 3.2 Task Analysis ofVJSual Inspection Procedure 
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Task: Wing and Leading Edge lnspedtlon Location: Right \'jlng 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M c F p 0 · OBSERVATIONS 

I 

SEARCH (Confd) 

4.2 Visually look for loose rivets or cracks. 
4.2.1 Hold nashlight at grazing or angular X X o No prescribed method on 

Incidence. workcard. 
4.2.2 Feel for loore rivets. X X o No prescribed force. 
4.2.3 Look for missing rivets. X o M this resuiEd n a cursory 

check. 
4.3 Look for signs of erosion due kl contact 

~ 
between slat and the upper wing. 

4.4 Check for faults In the honeycomb panel. 
4.4.1 Tap using a coin. 

4.4.2 Look for change In sound. X o Exten181 noise made listening 
difficuH and inspector had 
to listen very carefully. 

5.0 Inspect leading edge flap and ftapwell 
structure. 

A: Attention 5: Senses P: Perception 0: Decision M: Memory C: Control F: Feed-

back P: Posture 

Figure 3.2 Task Analysis ofVtsuallnspcction Procedure 
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Task: Wing and Leading Edge lnspedtion Location: Right Wing 
"-' 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M c F f" 0 OBSERVATIONS 

SEARCH (Cont'd) 

5.1 Visually check for signs of oorrosion 
in llap hinge fitting. 

5.2 Check for cracks in hinge attachment 
and torque tiffes. 

5.2.1 Hold the flashlight such that area . X o The space was very cramped. 
Is well lit The Inspector had difficulty 

in holding the ftashighl 
5.2.2 Perfonn a tactile and visual Inspection. X <> This resulted In a very 

cursory Inspection. 
~ 5.3 Visually check for leakage In hydraulic X X X o No prescrlled method on 

lines. the Y«Jrkcard. 
5.4 Look for signs of deterioration of switch 

wiring. 
5.4.1 Use a scale to reach the wiring. 
5.4.2 Look for signs of looseness by pulling. X o This was not mentionsd. 
5.4.3 Look for frays visually and wilh hard. X o This was not mentionsd on 

lhe Y«Jrkcard. 

Annontlon: Number of time-shall!d tasks Mtmory: srss, Wllrf<ing, Long-term Sonon: Visual, Tactile, Auditory Cont111l: Continuous, Diocl9t 
Porcoptlon: FHdbock: Ouelly, Amount, Timing Dociolon: Sensitivity, Cfiterion, liming Pooturt: Reading, Forces, Balance, Extreme Angles 

Figure 3.2 Task Analysis ofVJSuallnspectioo Proccdw'e 
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Task: Wing and Leading Edge lnspedtion w:auon: Right Wing 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M ( F p 0 

DECISION 

1.1.1 Decide II wear exists. X X X 
1.2.2, 1.2.3 X X X 

Decide If cracks or corrosion exists. 
1.3.1 Decide K play exists. X X 
3.1.2 Decide W looseness or wear Is 

unaoceplable. X X X 
4.2.2 Decide if the rivet Is loose. X X 

~ 4.4.2 Decide If there is a change In the 
sound. X X X X 

5.4 Declde if wiring has any signs of 
deterioration. X X X X 

A: Attention S: Senses P: Perception D: Decision M: Memory C: Control F: Feed· 

back P: Posture 

Figure 3.2 Task Analysis ofVJSual Inspection Procedure 
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Task: Diffuser Case Rear Rail Eddy Current Inspection Location: Engine Number One 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M c F p 0 OBSERVATIONS 

ACllON AFTER 

1.0 Mark all the lauils, fault by fault wilh 
a slickerhaving a discrepancy 
card number. 

2.0 Atlhe end, fill out the discrepancy 
workcard using stickers as X o Memory call since the 
memory aids. inspector had a tendency to 

forget about the exact 
nature of fault. 

X o A lot oltime was spent in 
phrasing the discrepancy 
card. The inspector was 
uncomfortable wilh the 
filling out of the discrepancy 
workcard (training issue). 

3.0 lithe task was not completed 
fill out the work interrupt card X o The next person does not 
giving the status of items get a copy of the workcard I 
started but not signed off. discrepancy card of lhe 

previous inspector. 
4.0 Close workcard. 

AUnenllon: Number of time·shared !aSks Memory: STSS, Worl\lng,LDng·term Slnot1: Visual, T111.111e, Al•dltory Control: Conl~uous, Oiscmt 
Perception: Feedback: Quality, Amount, Timing O..lolon: Sensiwily, Criterion, Timing Pooturo: Reading, Forces, Balance, Extreme Angles 

Figure 3.2 Task Analysis ofVJSual Inspection Procedure 
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Task: Diffuser Case Rear Rail Eddy Cunent Inspection Location: Engine Number One 

TASK ANALYSIS 

SUB-SYSTEMS •. 
TASK DESCRIPTION A s p 0 M c F p 0 OBSERVATIONS 

INITIATE 

1 .0 Collect workcard from lhe 
supervisor. X o Workcard did not provide 

any feedforward information 
(i.e.IM\ether eartier defects 
had been found on this 
engine). 

2.0 Read workcard. o Inspector did not refer to 
workcard at this stage. 

X X o Inspector was experienced 
and did not feel tt was 
necessary to consult the 
workcard. 

3.0 Collect equipment necessary 
to perform inspection In the 
workcard. 

4.0 Calibrate the instrument. 
4.1 Apply a layer ol tape to the 

surfaoe of the probe. 
4.2 Connect lhe probe to the 

instrument and 
switch the inslrumenl on. 

A: Attention 5: Senses P: Perception D: Decision M: Memory C: Control F: Feed-

back P: Posture 

Figure 3.3 Task Analysis ofNDI Procedure 
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Task: Diffuser Case Rear Rail Eddy Current lnspactk:m Location: Engine Number One 

- --·-

TASK ANALYSIS 

SUB-SYSTEMS - -
TASK DESCRIPTION A s j) 0 M c F p 0 OBSERVATIONS 

INITIATE (Cont'd) 

4.3 Set the operation mode on 
the Instrument to FE X o Workcard calls for a 
(material of rail). sufficient (does not specify 

exact time) warm·up period 
after Instrument Is switched 
on. This procedure was not 
follol'lld by the Inspector In 
this case. 

4.4 Place the probe on lhe 
0\ - stardard template and lift ofl 

tho compensate probe on the 
aroaaway from lhe Elox slot 
(simulated defect). 

4.5 Move the probe over the standard. 
4.6 Observe lhe deflection of the meter. 
4.7 AdJust sensitivity to give a 40% 

of full scale deflection. 
4.8 Observe lhe deflection as probe 

passes overthe simulated defect. 
4.9 Observe lhe defelction for sensors 

'A' and "B'by passing over 
the Elox slot. 

-
AHnen11on: Number of timo-sharod !aSks Memory: STSS, Worl<lng, Long-term Sente1: VIsual, Taelllo, Auditory Control: Continuous, Oiscret 
Peroeptlon: FHdbeck: Quality, Amount, Timing Oeololon: Sensitivity, Criterion, Timing Potture: Reading, Forces, Balance, EKtreme Anglos 

Figure 3.3 Task Analysis ofNDI Procedure 
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Task: DiffUser Case Rear Rail Eddy Current Inspection Location: Engine Number One 

'i 
TASK ANALYSIS 

SUB·SYSTI!MS 

~ 

m 
TASK DESCRIPTION A s p D M c F p 0 OBSERVATIONS 

ACCESS 

1.0 Verify with supe!Visor that engine is cool. 
2.0 Go to inspection site. 
2.1 Check engine covers are open. X o The engine covers had to be 

opened by maintenance. 
2.2 Verify no interfernng parallel work in 

progress. X o Parallel work In progress 
delayed Inspection and also 

~ 
caused Interruptions that 
disrupted continuity. 

3.0 Inspector climbs on to the construction 
at site. 

4.0 Transfer NDT equipment to site on to the 
plaUorm by the engine. 

A: Attention S: Senses P: Perception D: Decision M: MemOI'f C: Control F: Feedback P: Posture 

Figure 3.3 Task Analysw ofNDI Procedure 



Task: Diffuser Case Rear Rail Eddy Current Inspection Location: Engine Nlrmber One 

--
TASK ANALYSIS 

SUB·SYSTEMS 

TASK DESCRIPTION A .. s p D M c F p 0 OBSERVATIONS 

INSPECT ' 

1.0 Recalibrate the instrument to take X o Recalibratlon procedure not 
Into aooount the material difference docurnent!ld In the workcard. 
between thestandard and the rail. o (Inspector perceived lflat 

there was a material 
difference between the 
standard and the rail.) 

1.1 Move probe overrail edge 
(simulating a crack). 

~ 
1.2 Adjust deftectometer to get a 40% 

deflection. 
2.0 Insert flexible rod through the external 

just aft of the rear rail. 
3.0 Feed the rod dockwise ar!l' .. nd X o Inspector's work hampered 

the engineuntil rod end 
visible at location 'B'. due to difficulty in reacning 

the rear rail. 
o Poor lighting oor.ditions. 

4.0 Dlsoonnect patch oonl irom the probe X o Ths task demands inspector 
and attach the lnngeP-l end of the probe to adopt unoomfortable 
cable to the rod. work postures. 

AUntllllon: Number of ti100-shamd lasl<s Memory: STSS, Wor111ng, Long· term Stnttt: Visual, Tactile, Audillry Control: Conl~uous, Oiscrol 
Peroeptlon: Fttdbock: Quality, Amount, Timing O..lslon: Sanaitivily, Criterion, Timing Poetu11: Reading, Forces, Balance, EKtrame Angles 

Figure 3.3 TaskAn~is ofNDI Procedure 
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TASK ANALYSIS 

SUB-SYSTEMS 

Task: Diffuser Case Rear Rail Eddy Current Inspection LocadM: Engine Number One 

li 
~ 

i 
l'ASK DESCRIPTION A s !' D M c F p 0 OBSERVATIONS 

INSPECT (Cont'd) 

5.0 Move the rod in counterclock-wise X o Lol of ooordination is 
rnrections untlllhe cable end wds 
seen allocation 'A'. required on the port of t11e 

inspection to prevent it 
slipping from t11e groove. 

6.0 Disconnect the cable from the rod 
and aHach to the spring connector 
to oomplete wrap around. 

7.0 Assume ltiat matching oontours of 

~ probe are in oontact with core 
by feeling probe movement. 

6.0 Attach patch core to probe and 
lift off the comper.sate probe. 

9.0 Slide probe clockwise traversing 
the rail to the rear of port #8. 

10.0 Monitor the meter for rapid needle X X o Meter ~oed by the side of 
movements. the inspecklr (rail is straight 

up front) making it difficuft . 
for the inspector lo monHor 
the meter continuously for 
deflections (a«ention 
problem) 

11.0 Inspect similar area of port #9 and 
remaining eight ports. 

12.0 Rotate Probe assembly oounter.<:fockwise 
up to the original location of wrap around. 

13.0 Check for meter defections. 

A: Attention S: Senses P: Perception D: Dec1s1on M: Memory C: Control F: Feedback P: Posture 

Figure 3.3 Task Analysis ofNDI Procedure 
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Task: Diffuser Case Rear Rail Eddy Current Inspection LOCI!Uon: Engine Number One 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESO.:RIPTION A s p D M c F p 0 OBSERVATIONS 

DECISION 

1.0 If crack present Indicated by X X o Possibility of inspect01 
rapid full scale deflection of the making an error is increased 
metar,move probe back and as he has to time shale 
forth over this area. between lhe two activities: 

I. Motor con1rol of probe 
movements. 

2. Moni~ring of display for 
deflections. 

2.0 Rules for decisions. 
2.1 One full scale deflection is 

an'A'crack. X o Speed with wlllch lhe probe 
is moved O\er lhe rail is critical. 

2.2 Two full scale deflection is o Possibility of missing a Q'aCk 

a'B'crack. if lhe movement speeds 
exceeds critical speed and 
inspec~r fails to fixate at 
that instant 

2.3 Three full scale deftections is X o No storage of deftections. 
a'C'crack. o High cost of FA for ·c· . 

cradu; makes holding of a 
proper payoff matrix for 
decision making critical. 

A: Attention 5: Senses P: Perception D: Decision M: Memory C: Control F: Feedback P: Posture 

Figl.•-.e 3.3 Task Analysis ofNDI Procedure 
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Task: Diffuser Case Rear Rail Eddy Current Inspection LocaUon: Engine Number One 

TASK ANALYSIS 

SUB-SYSTEMS 

TASK DESCRIPTION A s p D M c F p 0 OBSERVATIONS 

ACTION AFTER 

1.0 Disconnect patch cord and 
cable attachment at the spring X o ~ there Is a ·c· crack present 
and probe. the inspecklr gets Immediate 

feedback. 

g::: o No feedback provided In 
case of 'A' and 'B' crack. 

2.0 Extract rod from rear rail by 
pulling cable clockwise. 

3.1 It fault detected is ·c· crack 
notify supervisor and maintenance 
immediatelyfiU out discrepancy 
workcard. 

3.2 If fault detected is a 'B' crack 
notify supervisor and mention this 
in the workcard. 

3.3 If fault detected is a 'A" crack 
mention this in the workcard . 

.. 

A: Attention 5: Senses !': Perception D: Decision M: Memory C: Control F: Feedback P: Posture 

Figure 3.3 Task Analysis ofNDI Procedure 
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3.4.1 Potential Human/System Mismatches 

The most obvious way was to form a data bose of all of 
these observations, so that they could be counted and 
listed in various ways. Such a data base was indeed 
constructed using the REFLEX package, and is available 
upon request. 

Note the large numbers of postural and other (mainly 
environmental) implications for Access, and the high 
numbers of cognitive implications for Initiate, Search, and 
Decision. For Access, the implications mainly concern 
the physical difficulties of reaching and viewing the in
spection site. Inadequate work platforms, limited space 
inside aircraft structures, the awkward postures required 
to hold a mirror and a flashlight to; visual access, and the 
often non-optimal levels of glare, temperature/humidity, 

-
TASK A s p 

1. INITIATE 1 4 39 

2. ACCESS 0 1 1 4 

3. SEARCH 1 0 45 47 

4. DECISION 0 86 105 

5. RESPOND 0 6 0 

I 

(6. REPAIR) - -- -

7. BUY-BACK 0 0 2 

The Mair.tenance Technician in lnspectkln 

and ambient noise all contribute. For Initiate, the n.ajor 
difficultiesarewiththecontentandlayoutofthcworkcards, 
calibration standardsforthe NDI equipment, NDl equip
ment human/machine inrerfuce inadequacies, and coor
dination of inspection activities with other aspects of 
maintenance. Search implications were largely visual (for 
sensing) due to inadequate lighting at theworkpoint, but 
also included omissions of specific fi:edforwatd and direc
tive information on the workcard, and lack of memory 
aids for Search. For Decision, the major difficulties were 
in obtaining and applying standards at the inspection 
point for each defect found. 

While it provides evidence for opportunities for error, 
T abk 3.4 naturally misses some of the ergonomic derail 
required if Human Factors expertise is to contribute to 
improved inspection. However, it does serve to emphasize 

HUMAN SUBSYSTEM 
~ 

D M c F p s 0 

1 2 34 0 1 2 0 6 

0 3 0 0 32 27 

36 31 3 1 8 1 

11 8 79 0 0 0 0 

0 5 0 0 6 5 

- - - - - -

I 2 ~ 0 0 0 0 £ 

Table 3.4 Number oflnstances of Human Factors Implications From Task Analysis 

{Note: A single task step may generate more than one human &ctors implication.) 

that not all errors lead to failure to detect a defect. Three 
types of errors are possible in an inspection system (e.g. 
Drury, 1984). 

I. Type 1 error. a non-dcfa:r is dassi.lied as a defect 
and unnecessary repairs are thus undetaken. 

2. Type 2 error. a defect is not r<eorded. so that 
necessary repairs are not undertaker,. 

3. Ddays: the inspection process is ddayed or 
interrupted, leading to longer inspection/ repair 
periods. 

67 

Although only Type 2 errors have a direct impact upon 
airworthiness, the c>ther two errors can have an indirect 
effect, both by frustrating the inspector, and by directing 
resources away from the critical tasks. It needs to be 
pointed out that Type 2 errors can occur in multiple ways. 
Indeed, aT ype2 error will only not occur if all of the steps 
in the Task Descripdons are carried out correctly. That is, 
the correct initial actions must be undertaken, the correct 
area acoesstxl, the search must locate the indication, the 
correct decision that the indication is indeed adpfea mw;t 
be made, the correct response of writing up and marking 
the defect must occur, repair must be carried out correctiy, 
and the buy-back decision must be correct. For Type 2 
errors, the inspection/repair system is a paralld system, 
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whichnarurallyincreasestheprobabiliryofaType2error. 
If P\ through P2 

7 represent the probabilities of rom'a 
performance at each of the seven stages in the presence of 
a defea, then the probability ofT ype 2 errors is: 

7 

e,=l- n p2_ 
• 

i= 1 

ForT ype 1 errors and del a~>, error rerovety is possible at 
each step, so that the only way in which an error can be 
made is if all steps are perf.,rmed inrorrectly. Thus, the 
probability of a type 1 error delay is: 

e= I 

7 

n 
i=l 

where P,' is the probabili"; ,.;f rorrea performance of each 
step in the absence of a deft.:.:. \.Jearly, no matter how rare 
Type2 errors are, decreasing them further means improv
ing the reliability of each step in the inspection process. 

Ag2inst dtese dtree possible errors, the role of human 
f.oaors is to change the human/machine system so as to 
reducedteerrorincidence,thatistomakethesystemmore 
reliable. Theseareonlytwopossibleinterventions: chan!'
ingthesystem to fit the: human inspector, or changing the 
human inspector to fit dte system. The former has long 
been the province of ergonomics/human f.oaors, with 
interface design receiving a prominent place. The b:cer, 
primarily selection, placement and training, has also been 
a roncem of human &aors engineers, but ocher disci
plines (such as industrial psychology and edu=ional 
psychology} have contributed. A more reasonable view 
than the advocacy of either as an alternative is to ronsider 
bodt as complementary a<p<as of achieving enhanced 
human/system fit. This fit is neeess:uy both to ensure 
performance and to reduce the stress<s on the human due 
to mismatches (Drury, 1989}. Human stresses can, in 
rum, effect human performance in inspection tasks (Drury, 
1986}. Thus, the goal of the human &aors effort in 
NAARP can be restated as choosing the optimum inter
vention strategy (changing the system or the human} to 

minimize human/system mismatches at each task step, so 
tr.at the incidence of error is reduced. 

3.4.2 Choice of Intervention Strategies 

A major re-tiew of the field ofhuman &aors in inspection 
(Drury, 1990b} concludes that the practical potential for 
improvement due to selection and placement of inspec
tors is low, but that training and system redesign are 
particularly effective. With this in mind, T abk 3.5 was 
produced part way through the current project, showing 
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potential interaction strategies for improving inspection 
performance. As can be seen, only the first five steps of the 
inspet.-rion task are included, and potential improvements 
rather than specific prescriptions are given. There is, 
however, enough detail to rompile lists ofhuman &aors 
interactions which can proceed rapidly based on aisting 
human factors knowledge, and those interaction strategies 
which requir<" more reseatch before detailed prescriptive 
advice can be given. It should be noted that even in the 
absence of direct human &aor:s advice, many system 
improvements have been, and will continue to be, imple
mented by inspection organizations. Improvement is a 
continuous process in an industry with a long rerord of 
innovation, so that it should not b:: surprising that there 
are few improvements which can be implemented with.!!!! 
additional effort. For c:xample, there is an urgent need 
(recognized both in this study and the (Lock and Strutt 
study) for improved portable task lighting. However, 
without at least a short study, it will not be possible to give 
the make and model number of the best flashlight cur
rently on the market. Some interventions can be imme
diate, for =pie replacing workeatds which are entirely 
written in eapitalletteiS wit.'t ones using both upper ease 
and lower ease fOnts. Still other interventions require 
major studies, fur =pie designing an integrated infor
mation environment for the inspector. 

Key areas requiring intervention are those listed in Section 
3.4.1 and in Tabk 3.5. It is possible to use the human 
&aors knowledgeofinspection process<s to help generate 
and classify interventions. For example, Drury, Pmbhu 
and Gramopadhye (1990} used earlier knowledge of 
seatch and decision-making (Drury, 1984} to list the 
following interventions aimed at system (rather than 
human} changes: 

1. Increasing visual lobe size in search-lighting. 
contrast, target enhancement, optical aids, &lse 
rolors on video. 

2. Improvingsearchstrategy-briefinglfeedfotward, 
aids to encourage systematic search. 

3. Enha.,cing fault discriminabiliry-standards at the 
workplace, rapid feedback. 

4. Maintaining correct criterion-rerogoition of pres
sures on inspection decisions, organization sup
port system, feedback. 

The list can be extended to include redesign of the system 
for better access and improved inspectability (Drury, 
1990c). 



TASK 

TASK 1-INmATE 

1.1 Correct instructions Yrl'itten. 

1.2 Correct equipment procured. 

1.3 Inspector gets Instructions. 

1.4 Inspector reads instructions. 

$ 1.5 Inspector understands 
instructiOns. 

1.6 Correct equipment available. 

1. 7 Inspector gets equipmP.nt. 

1.8 Inspector checks/calibrates 
equipment 

ERRORS 

1.1.1 Incorrect instructiOns. 
1.1.2 Incomplete instructions. 
1.1.3 No instructions available. 

1.2.1 Incorrect equipment 
1.2.2 Equipment not procured. 

1.3.1 Fails to get instructions. 

1.4.1 Fails to read instructions. 
1.4.2 Partially reads instructions. 

1.5.1 Fails to undersland instructions. 
1.5.2 MislnterpNts instructions. 
1.5.3 Does not act on instructions. 

1.6.1 Correct equipment not 
available. 

1.6.2 Equipment is incomplete. 
1.6.3 Equipment is not worl<ing. 

1.7.1 Gets wrong equipment 
1.7.2 Gets incomplete equipment 
1. 7.3 Gets non-working equipment. 

i.8.1 Fails to check/calibrate. 
1.8.2 Ched<slcalibrates incorrecUy. 

TABLE 3.3 Task and Error Taxonomy fur Inspection 

OUTCOME 

Inspector has correct and 
correctly WO!king equipment, 
and understands ins:ructions. 

ft 
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TASK 

TASK2-ACCESS 

2.1 Locate area to inspect 

2.2 Area Is ready to inspect 

~ 
2.3 Acoess area to inspect. 

ERRORS 

2.1.1 Locate wrong aircraft. 
2.1.2 Locate wrong area on aircraft. 
2.1.3 Mis-tocate boundaries of a111a. 

2.2.1 Cleanilg 'Mlril Is not oompieted. 
2.2.2 Clear1ing 'Mlrk islncorrea. 
2.2.3 Malntenanoe aooess tasks area 

not oompleted. 
2.2.4 Maintenanoe access tasks we 

lnoorrea. 
2.2.5 Parallel 'Mlrk prevents aooess. 
2.2.6 Parallel work Impedes 

Inspection. 

2.3.1 Acoess equipment is not 
avalla~. 

2.3.2 lncorrea aooess equipment. 
2.3.3 Access equipment Is poorly 

designed. 
2.3.4 Acoess Is not physically 

possible. 
2.3.5 Acoess Is disoou:-agingly 

difficult 
2.3.6 Access is dangerous to 

inspection, 

TABLE 3.3 Task and Error Taxonomy for Insp«ti.on (cont'd) 

OUTCOME 

Inspector with correct equipment 
at oonect inspection site, is ready 
to begin Inspection. 

-

'f 
i 
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TASK ERRORS OUTCOME 

TASK 3-SEARCH' 

3.1 Move _, nex11obe. 3.1.1 Misses parts of access area. All Indications located in ail 
3.1.2 Multiple searches of parts. access areas. 
3.1.3 It is too close or far between 

lobes. 
3.1.4 Move to non-required area. 

3.2 Enhance lobe 3.2.1 Enhance wrong area. 
(e.g. illuminate, magnify for 3.2.2 Enhance area inadequately. 
vision, use dye penetrant, tap 3.2.3 FaH to use enhancing 
for audiiOry inspection). equipment 

3.3 Examine lobe. 3.3.1 Fail to examine looo. 
3.3.2 Examine lor 100 short or 

long a time. 
3.3.3 Incorrect depth of examination 
3.3.4 Incomplete examination of 

lobe. 
3.3.5 Fatigue from a fixed posture. 

3.4 Sense Indication in lobe. 3.4.1 FaH to attend to lobe. 
3.4.2 Fail to use cues present. 
3.4.3 Fail to sense indication. 
3.4.4 Sense wrong indication. 

*Note: Search proceeds by successively examining each small area, called here a LOBE, within a single area accessible without 
performing a new access, called here an ACCESS AREA. When all lobes have been examined in that access area, a new access is performed 
followed by a new search. The concept of a lobe comes from visual search where it is called a VISUAL LOBE. Here it Is generalized to 
include the area felt by a tactile inspection, the area probed by tapping in an auditory inspection, and the area covered by the probe 
of an eddy current or ultrasonic device and seen on its screen. 

TABLE 3.3 Task and Error Taxocomy for Iospecdon 

fi 
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~ 
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TASK 

Task 3 (cant'd} 

3.5 Match Indication against list 

3.6 Remember mat.::hed Indication. 

3. 7 Remember lobe location. 

3.8 Remember access flrea location. 

3.9 Move ~ next access area. 

TASK 4- DECISION 

4.1 Interpret indication 

-

ERRORS 

3.5.1 Match against fauiiS not listed. 
3.5.2 Fail to matdl against lui list 
3.5.3 Incorrect math. 

3.6.1 Fail to f8Ctlfd matched 
Indication. 

3.6.2 FO!lJI)t matched Indication. 

3.7.1 Failto f8Ctlfd lohe location. 
3.7.2 Forget lobs location. 

3.8.1 Fail to f8Ctlfd access area 
location. 

3.8.2 Forget aca~ss area location. 

3.9.1 Miss parts of area. 
3.9.2 M!Jtiple searches of parts. 
3.9.3 Move to non-required area. 

4.1.1 Classify as wrong fa!Jt 
type. 

TABLE 3.3 Task and Error Taxonomy for Inspection 

OUTCOME 

All indications located are 
correctly classified, ClOI1'8CIIy 
labelled as fault or no fa!Jt, and 
actions correctly planned for 
each ndicatlon. 

II 
; 
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TASK ERRORS OUTCOME 

Task 4 (cont'd) 

4.2 Access measuring 4.2.1 Choose wrong measure· 
equipment ment equipment. 

4.2.2 Measurement equipment Is 
not ava!able. 

4.2.3 Measurement equipment Is 
not working. 

4.2.4 MeaStKemenl equipment Is 
not calibrated. 

4.2.5 Measurement equlpmentls 
wrong calibration. 

4.2.6 Does not use measurement 
equipment 

i:;l 4.3 Access comparison standard. 4.3.1 Choose wrong oomparlson 
standard. 

4.3.2 Compa~son standard Is 
not avaHable. 

4.3.3 Comparison standard Is 
not oorroct. 

4.3.4 Comparison standard Is 
lnoomp!ate. 

4.3.5 Does not use oompanson 
standard. 

fi 

I 
4.4 Dedde on It It is a fault. 4.4.1 T~'Jl8 1 error, false alarm. 

4.4.2 Type 2 error, missed faun. 
~ 
~ i: 
5' 

TABLE 3.3 Task and Error Taxonomy fur l:nspecdon (cont'd) II 
::l 
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TASK ERHORS OUTCOME 

Task 4 (cont'd) 

4.5 Dedde on action. 4.5.1 Choose wrong action. 
4.5.2 Seoond opilkln H not 

needed. 
4.5.3 No second opinion K 

needed. 
4.5.4 Cal lor buy-back YAlen not 

required. 
4.5.5 Fall to call b' reqlired 

buy-back. 

4.6 Remember declslonlactlon. 4.6.1 Forget dedslonlactlon. 
4.6.2 Fall to record decision/ 

action. 

TASK 5- RESPOND' 

5.1 Mark fault on a~crafl 5.1.1 Fall Ill mat11fault. All faulls and repair ttems are 
!i.1.2 Mark non·fault. correctly :l!COided. 
5.1.3 Mark faun tn wrong 

place. 
5.1.4 Mark lault witf11WOng tag. 
5.1.5 Mark fault wllh wrong 

marker. 

-
'Note: In some contexts,lhe only record of a faull is In lhe repair action. ~llh 52 and 5.3 have been i1cluded abOve to !Ideate thatlhere may be some fautts wllch should be 
recorded even lhough no repa~ action is needed atlhatlnspection period. 

TABLE 3.3 TIISk and Error Taxonomy Cot Inspection (cont'd) 
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TASK 

Task 5 (con!' d) 

5.2 Record fault. 

5.3 wrne repair action. 

TASK 6- REPAifl 

6.1 Repair fault. 

ERRORS OUTCOME 

5.2.1 Fail to error fau~. 
5.2.2 Record non-fault. 
5.2.3 Record fau~ in \'Kong 

pace. 
5.2.4 Record fauk incorrectly. 

5.3.1 Fail to write repair action. 
5.3.2 Write repair action for 

non-fault. 
5.3.3 Write repair action for 

wrong pace. 
5.3.4 Mls-write repair action. 
5.3.5 Specify buy-back if not 

needed. 
5.3.6 Fail to specify needed 

buy-back. 

6.1.1 Fail to repair fault. All recorded fau~s correctly 
6.1.~ Repair non-fault. repaired and accessible for 
6.1.3 Mis· repair fault. buy-back inspection. 
6.1.4 Prevent access for 

buy-back. 

TABLE 3.3 Task and Error Taxonomy for Inspection (cont'd) 
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TASK 

TASK 7- BUY·BACK 

7.1 Initiate. 

7.2 Access. 

7.3 Search. 
~ 

7.4 Decision. 

7.5 Respond. 

ERRORS OUTCOME 

7.1.1 Failtocall inspector. All repaired items correcUy 
7.1.2 Call inspector when not assessed at buy-back, ard 

needed. results recorded correctly. 
7.1.3 Inspector fails to initiate, 

see (1). 
7.1.4 Initiates buy-back out 

of sequence. 
7.1.5 Misreads record of fault 

7.2.1 Inspector fails to access, 
see(2). 

7.3.1 Inspector fails to locate, 
see(3). 

7.4.1 Inspector accepts faulty 
repair. 

7.4.2 Inspector rejects good 
repair. 

7.4.3 Inspector fails to get 
second opinion. 

7.5.1 Fails to record buy-back. 
7.5.2 Records wrong buy-back. 
7.5.3 Records buy-back 

incorrectly. 

TABLE 3.3 Task and Error Taxonomy for Inspection (cont'd) 

r 
~ 
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STRATEGY 

TASK STEP CHANGING INSPECTOR CHANGING SYSTEM 

Initiate 
- Trainin~ in NDI calibration - Redesign of job cards 

(proce ures training) - Calibration of NDI equipment 
- Feedfor.'Vard of expected flaws 

- Training in area location - Better support stands 
~ss ('Knowledge and recognition training) - Better il\'ea !ocatioo system 

- location for NDI equipment 

Search -Training in visual searth - lask lighting 
(cueing, progressive-part) - Optical aids 

- Improved NDI templates 

D~cision -Decision training (cueing - Standards at the work poing 
feedback, understanding of - Pattern recognition job aids 
standards) - Improved feedback to inspection 

Action -Training writing skills - Improved fault markin~ 
-Hands-free fault recor ing 

Table 3.5 Poten.:al Suatagi.es fur Improving Inspection 

3.4.3 Short-Term lntaver,tions 

fmm a\\ of these' ways <>f geneminy, and dassifyiny, 
inte!Yentions, the following can be listed as short-term 
inte!Yentions to overcome stated mismatches. Note that 
the rwo major issues of r:he infurmation environment and 
training design are given more complete treatments later, 
taken from (Drury 1990a) and Drury and Gramopadhye 
(1990), respectively. 

3.4.3.1 Initiate 

3.4.3.1.1 Design ofWorksheets 

Even within this relatively homogeneous sar.:•ple of major 
air carriers, therewasconsiderablevariability in Workcards, 
or job Cards. Many were now computer-printed, reduc
ing earlier problems of copy legibility, but some were 
generatW. by c<>mpute< systems I <><:kin& gnphi<:s ap..bili
ties. for th=. the graphics necessaty for loc:ation and 
inspection were ana.ched from other sources, often with 
imperfect matmingof nomencla.rure for parts and dekc-.s 
between workcard and secondaty source marerial. These 
additional cards were oftea from microfiche, which has 
poor copy quality and a shiny surface, making reading on 
the job difficult. Other cards were all in capitals, a known 
violztion ofhuman factors principles. Still ochers did not 
call out particular fuults using the latest information on 
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that aircraft type. There were differences in level and 
depth between different workcard systems, and none 
attempted t<> pnwide layered information, s<> that those 
familiar with a particular inspection rould use more of a 
checklist, while back-up information would be available 
tothosewhohadnotperformedtharparticularinspection 
recently. Some systems did, however, have an integrated 
"lnspector'sClipboard"whichhadaplacefortheworkcard, 
Non-Routine Repair cards and ether necessaty paper
work, in a package convenient for carrying at theworksite. 

Shan-term inte!Yentions for wmkcards thus include: 

I. Changing the furmat and font to improve ea<e 
of use and JegjbiJjcy, 

2. Ensuring that visual material is incorporated 
into the workcard. 

3. Consistent naming of parts, directions, defects, 
and indications between all documents used 
by inspectors. 

4. Multi-level workcard systems, usable by inspec
tors with different levels of immediate familiar
icy with the worksheet content. 

5. A better phys!cal integration between the 
workcard and the inspector's other documents 
and tools needed at the worksite. 
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3.4.3.1.2 NDI Equipment Calibration 

The calibration procedures used for NDI equipment 
involve a human/machine interface on the equipment, 
one or more calibration standards, and a knowledgeable 
inspector. Potential mismatches were seen in all three 
=· 1be fOllowing are recommended in the short term: 

I. Better labelling and control of all calibration stan

dards, as is common in manufacturing industry. 
An inspector must know which standard is being 
used and be assured tha! the standard is still valid. 
Procedures are available for standards control: mC6t 
(but nor all) inspection systems in the sarnpl~ ap
peared to follow them. 

2. Improved hurnan/NDI instrument interface de
signs standard texts on human faaor.; {e.g. Salvendy, 
1987) have considerable inrormarion on interface 
design to reduce error: this informaJ:ion neals to be 
used. As NDI equipment incorporates more com
puter functions, the clara on human-computer in
te=:tion (e.g. Helander, 1988) becomes crucial to 
design. Any design improvements in the human 
interface will also benefit the Search and Decision 
tasks. 

3. Design the NDI interface for multiple levds of 
inspector f.uniliarity. In many organizations, NDI 
is not a full-time job, so tha! many inspectors have 
considerable rime periods between repetitions of a 
partiauar NDI procedure. They obviously require 
a different level of guidmce from the interface than 
inspectors who perform the same calibration each 
day. Multiple levels of user need to be considered, 
as ar present there is a marktx! tendency for the 
inspector to rdy on knowledge of other inspectors 
to perform the calibration. 

3.4.3.2 Acass 

3.4.3.2.1 Provide better support stands 

Custom-madestandsforeachareaofeachaircrafi:rypeare 
expensive and diffiaJ!t to store when not in use, but they 
do provide a security for the inspector, and optimum 
accessibility for each task. In large facilities dedicated to a 
homogeneous fleet, such stands are almost always pro
vided, but there are exceptions. Cherrypickers are used for 
some surfaces, despite their control diffi~ulries (poor 
control/display relationships) and theirunsteadyworking 
platforms. Scaffolding and stairs are used (at times) which 
would not be allowed by safety deparrments in most 
manufacturing industries. Without adequate support 
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stands, access is jeopardized and pressures arc placed on 
the inspectorto minimize the time spent inspecting. Both 
can directly cause inspection errors. For each worksheet, 
there should be an optimally-designed suppon stand 
specified and available. 

3.4.3.22 Better area location system 

Much time is wasted, and occasionally errors are caused, 
because the inspector cannot positively locate parts of the 
area to be inspected. Some task cards have no diagram.•, 
and rely on written instructions: others have diagrams that 
can mislead the inspectorwhen searching forthe area to be 
inspected. The inspector needs dear instructions to reach 
the area, and dear confirmation that the correct area has 
indeed been reached. These can be provided simply in the 
worksheets, but for aircrafi: which are always precisely 
located in the maintenance hangar, more elaborate elec
tronic or optical location systems are possible. 

3.4.3.23 Better locations for NDI equipment 

When the inspector neals to use NDl equipment, there 
is ofi:en no convenient place to put the equipment during 
the inspection process. The inspector must frequently 
place the equipment (with its associated display) out of 
convenient sight lines. This makes it particularly difficult 
to perform the inspection and simultaneously read the 
display: errors are to be expected in such situations. 
Design of stands (Section3.4.32.1 above\ should include 
provision for location ofNDI equipment as parr of the 
worksrand. 

3.4.33 Search 

3.4.3.3.1 Improved lighting 

The factors affecting the conspicuity of a defect are defect 
size, defect/background contrast, and lighting intensity. 
The latter two are functions of the lighting and can be 
improved without changing the aircraft design. Defect! 
background contrast is a function of the angles between 
the inspector's eye, the defect, and any light sources. In 
general, an adequate levd of illumination needs to be 
provided at the inspection point, with levels ofS00-1 000 
lux being r;pically recommended. However, the distribu
tion of the light is ar least as important as its intensity. For 
example, glare drastically reduces visual performance, a.'ld 
can be caused by any objects or areas in the visual field 
higher in luminance than the area immediately surround
ing the defect. Thus, open hangar doors, rooflights, or 
even reflections olf the worksheet can cause glare. Of 
parricular concern is that in inspecring p:utially-hidden 



areas (e.g. inside door pands), the lighting usoo to illumi
nate the defect may cause glare &om surrounding surfaces. 
Carefully design ex:! rombinations of general area lighting, 
portable area task lighting, and localized spotlighting neecl 
to be produced. At least as an interim measure, the 
flashlights usecl by inspector.; neecl to be standardized 
within an organization, and training is neecloo in how to 
use the flashlight rorrectly. 

3.4.3.3.2 Optical enhancement 

Any device which increases the conspicuity of the defect 
can he classified as an optical enhancement. Thus, dye 
penetrant and magnetic particular inspection techniques 
full under this heading. However, it is now possible to use 
the control inherent in video c:ameras and monitor.; to 

enhance luminance rontrast, and to optimize color con
trast. With a computet berween the camera and the 
monitor, it should be routinely possible in the future to use 
fulse rolor.; in the image presentoo to the inspector to 
increase defect ronspicuity. Boresropes with video moni
tors are currently available to begin this process, but 
research will be ncedoo to optimize such systems fur defect 
detection. 

3.4.3.3.3 Improved NDI templates 

With NDI techniques such as Eddy Current or Ultrason
ics in.<pection, location of a probe on the inspectoo surface 
is critical. At present, some use is made of what would be 
termoo jigs or fixtures in manufucturing industry to aid 
this accurate positioning process. An example is the use of 
circular hole templates to g>1:Je the Eddy Current probe 
ground, the heads cf rivets in lap splice inspection. With 
such a device, the neecl for the inspector to perform an 
accurate control task at the same time as attending to the 
display is removoo, with an attendant roouction in the 
opportunity for error. Note that the template should not 
require a second hand to keep it in place, as the inspector 
may not be able to maintain balance or reset the equi~ 
ment if both hands are occupioo. 

3.4.3.4 Decision 

3.4.3.4.1 Standards at the work point 

It has been known for many year.; that if comparison 
standards are available at the wotk point, more accurate 
inspection will result. Yet in many cases such standards are 
not available to the aircraft inspector. If the maximum 
allowable depth of a wear mark is given as 0.010 inches, 
there ~ neither a convenient way to measure this, nor a 
readily available standard for comparison. Other ex-
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amples are play in bearings and cable runs, areas of 
corrosion, or looseness of rivets. All are considered to be 
"judgement calls" by the inspector, but simpic job aids, 
perhaps as part of the worksheet, or standard inspection 
:ocls, would remove a source of uncertainty. Leaving 
standards to unaidoo human memory may be expeclitious, 
but it is also unreliable. 

3.4.3.4.2 Pattern-recognition job aids 

Wherever a romplex pattern must be recognized by the 
inspector, such as in the appearance of corrosion on a 
painted surface, or the shape of an oscilloscope trace in 
NDI, it is possible to provide job aids which will increase 
the inspector's ability to discriminate a true defect from 
visual noise. For visual inspection, these job aids can be 
simply an extension of Section 3. 4.3. 4. ~standards at the 
work point. Visually-presentoo standards were found to 

bevety effective in the notoriously difficult task ofjudging 
solder joints in electronic assembly (Chaney and T eel, 
1969). For NDI equipment, some pattern-recognition 
ca?ability is now being incorporated into thesofiware, but 
more can be done. More flexibility is required, the 
interface with the user should be improved, and the 
allocation of final decision berween human and machine 
should be made more flexible. 

3.4.3.5 Respcnd 

3.4.3.5.1 lmprovecl defect indicaring system 

Even as simple a task as marking the aircraft to show the 
point <>f repair neecls to be improvoo. Methods observoo 
have includoo "chinagraph" pencils in various rolor.;, soft 
pens, and stick-on p;;per tags. Marking systems can be 
difficult to remove completely when the repair is com
pletoo, leading to unsightly marks which can impair the 
ronfidencc of the travelling public. Tags can also be left 
on the aircraft, orleave behind a residue which impair.; the 
finish. Onesitehadmovootoamarkersystemsopalediat 
it was difficult for the repair pernonnel to see. The 
requirements for a marking system are relatively simple to 
write: a wholly satisfactory system now needs to bedevisoo 
to meet these requirements so that an error-free rommu
nication from the inspector to the repair personnel can 
result. 

3.4.3.5.2 Hands-free defect recording 

W'hen the inspector disrover.; a defect, both hands are 
typically occupied, and the Non-routine repairs (NRR) 
forms may not be close enough to use. '!be inspector will 
often "remember"' one or more defects until there is a 
convenient time to record them. This is a potentially 
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error-prone procedure. Nor all of the data on the NRR 
form needs to be recorded at this time (e.g. inspector and 
aircraft identifications, date), but some temporary infor
mation storage is required to rod human memoty. Some 
inspectors do record each detix:t as it is found, accepting 
the inconvenience ofleaving and re-aa:essing the inspec
tion point as a necessary step. However, there is no 
guarantee that search will resume at the correct point 
following recording. Others use miniature tape recorders 
to provide a voice-input information storage. There
corder (e.g. dicration machine) is often raped to the 
flashlight, or dipped to the inspector' sdothing. Tapes are 
transcribed later onto NRR forms. Although errors of 
transcription are possible, the system appears to work well. 
Improvements would be voice-actuated recorders built 
into headsets fortruehands-freererording, and training in 
a standardized. procedure for what to record. A review of 
all such systems is needed to determine how best to meet 
operational requirements. 

3.4.3.5.3 PttVeD.tion of"scrlal responding" 

In some systems, the inspectors will record a minimum of 
information at the inspection site (see SectiDn 3.4.3.5.2 
above), and complete the data recording as part of the 
"paperwmk" atalatertime. Thismayinvolvefillinginall 
ofthe"consrant"partsoftheNRRforms(e.g.aircraftiD), 
and signing/stamping each task step on the worksheet. 
There is a tendency to wait until all paperwork is com
pleted before signing/stamping the whole sequence of 
tasks. Such "serial responding" can lead to inadvertent 
>igning-off on a task step which was not, in f.u:t, com
pleted. Whilesucherrorsarepresumablyrare, thewritten 
record is the only permanent recording of inspection/ 
rrpair information, and is relied upon by regulatoty 
bodies. There are Quality Assurance checks of the paper 
T" • ·.At! against the condition of the aircraft, but only on a 
sampling basis, and only if the indication is visible, ie. a 
repair or vety obvious defect. While it is difficult to 
provide a perfect procedure to prevent "serial response" it 
should be noted as a possible error mode and improved 
systems investigated. 

3.4.3.6 Repair 

(Repair was not considered as part of this study.) 
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3.4.3.7 Buy-Back Inspection 

3.4.3.7.1 Integrated inspect/repair/buy-back 

S"ptenl 

Final disposition of a defect depends critically upon the 
communication between the origin.! inspector, the re
pairing technician(s), and the buy-back inspector. In 
most current systems it is entirely possible for different 
inspectors to be involved in the initial inspection, in 
consultation at critical points in repair, and in final buy
back. The only communications between th= inspec
tors are those between the initial inspector and the repair 
technician, ie., the NRR form and any markings on the 
aircraft. Because of this, there are opportunities for error 
at each interaction in the process. Hence, these two forms 
of communication need to be highly error-resistant, or 
lines of verbal communication between the participants 
need to be opened. In other countries' systems, e.g. 
United Kingdom, one inspector remains with the repair 
team throughout all srages, thus reducing these problems. 
However, ihe potential for multiple independent assess
ment is lost with such a system. The solution to this 
integration problem is not simple, but many steps to 
improve participant communication can be taken. Ex
amples are communication training, standard practices 
forwritingand marking, and even the use of voice orvid::o 
to supplement written comm><nications. 

;,.4.4 Long-Tenn Interventions 

While many of the short-term interventions listed in 
Section 3.4.2 have some long-term implications, fo"" 
major areas are recommended for more detailed study: 

3.4.4.1 Error Control 

In orderto rontrol errors in the aircraft inspection process, 
it is necessary to be able to define these errors accurately 
and unambiguously. With properly defined errors, they 
can be identified, recorded, collected and analyzed, as the 
first step towards control. Systems sa.'"ety emphasizes such 
error identification and control for .II complex systems, 
including civil aircraft. There is a need to apply the same 
techniques to the human/machine system of aviation 
inspection, the necessaty first step in any program of 
maintenance to ensure safety of the travelling public. 

A first step has been taken towards a classification system 
for inspection (and to a lesser extent, repair) errors in ihe 
errortaXonomypresentedhereas Tabk3.3. Foreachsub
task, the logically-possible errors are listed to form an error 



taxonomy. Each error is unique, but the same effeCl:s may 
be caused by several diffurent errors. Thus, a fault may be 
missed be<auseoffailureto calibrnteequipment, failure to 
reach r..'le correct inspection point, failuoe to aamine the 
area and so on. This concept needs to be refmed and 
expanded if it is to form the basis for an error control 
syst'".m. For example, in T abk> 3.3, VISual Inspection (VI) 
and Non-Destructive lnsj>CCdon (NDI) are covered by 
the same rask a.r.d error taXonomy. This has meant 
expanding some of the concepts, such as the visual lobe in 
VJ, to cover other NDI situations. In this way, separate 
error taxonomies are not required for VJ and NDI, 
although in prnctice it may be easier to produce separate 
but related taxonomies, and me.-ge the data from each at 
tho analysis stage. 

A second expansion is also needed. Errors in Table 33are 
classified by thcir immediate causes \e.g. ··1 6 1 Correct 
Equipment not av:>.llablo"). However, this does not le:u:l 
to more distant causes. W'hy was correct equipment not 
available? Was it poor scheduling or was the equipment 
being repaired? For more obviously human funaions, 
svch as "1.5 Inspector understands instruaions", the 
failure modes (errors) need furtl}er classification as to why 
instructions were not understood, misinterpreted, or not 
a.aed upon. Were the iru.~ruaions illegible, was the 
illuminat!on poor, was confusing language used, etc.? A 
matrix rather than the long list ofT able 33 is eventually 
required if we are to proceed from the necessary first step 
of counting errors to the ultimate goal of selecting inter
ventions to control or eliminate these errors. 

3.4.4.2 Inregrared Information Environment 

While many of the interventions listed under Section 
3.4.3were concerned with aspects of the information flow 
between the inspector and the rest of the inspection/repair 
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system, there io an urgent need to devise information 
systems which are integrated rather than piecemeal. This 
section, based on Drury (I 990a), is aimed at integration. 
A unified view of the inspection process as a closed-loop 
control system will be used to intrcrluce some of the 
relevant inspection/information literature, and todemon
strate inspection needs at eacl1 step in the inspection task. 

Any system involving ah<1man is typically closed loop (e.g. 
Sheridan and Ferrell, 1977). Obvious examples are in 
flying an aircrafi or driving a car, but the concept applies 
equally to inspection tasks. As shown in Figure 3.4, the 
hwnan in the task receives some instruaion, or command 
input to use systems terminology. The operator and any 
associated machinery transform this command input into 
a system output. To ensure stable performance, the 
system output is fed back to the input side of the system, 
where it is compared against the command input. lf there 
is any difference (command minus output) the system 
responds to reduce this difference to zero. A dosed-loop 
model of the Jnspector (Figure 3.4) can be applied to the 
oeneric task description ofinspection (Table 3.1) to locate 
::0d evaluatethesourcesofinpt~t (command) and output 
(feedback) information. 

3.4.4.21 IntOrmaticn in Inspection 

W'hile it is not obvious from Figure 3.4, the command 
input may be complex, and include both what needs to be 
accomplished and help in the accomplishment; i.e. direc
tiveandfeedfmwaniinformation. Forexarnple,aworkcard 
may contain "detailed inspection of upper lap joint" in a 
specified area (directive) and" check particularly fur corro
sion between stations 2800 and 2840" (feedforward). 
Thus, there are really three potential parts to the informa
tion environment: directive inform:>tion, feedfmwani 
infOrmation and feedback information. All are known to 

COMMAND SYSTEM: OUTPUT 

FEEDBACK 

FaguR 3.4 Oosed-Loop Control 
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have a large effi:ct on manuf.u:turing inspection perfor
man= 

Directive Information involves the presentation ofinfur
mation in a form suitable for the human, the basis of good 
human fuctors. A.., example from inspection is the work 
of Chaney and T eel (1967) who used simplified machin
ery drawings as an aid to inspectors. These drawings, of 
machined metal parts, were optimized for inspection 
rather than manufacture, with dimensions and tolerances 
in the correct placement and format, and w>m similar 
charactetistics grouped together to encourage systematic 
inspection. Compared toaconuol grr..upwith theoriginal 
drawings, inspectors using the optimized drawings found 
42% more true errors in a test-batch. 

Feedforwardinformationcan consist of two parts: telling 
the inspector what defects are expected and providing the 
probability of the defects. Because there are typically a 
large number of peremial defects, any infmmarion made 
availabletotheinspectorisv:>luableinfocussingrhesearch 
subtask in particular. Many investigate"' (e.g. Gallwey 
and Drury, 1 985} nave found thatlooking for more than 
one rype of defect simultaneously can degrade detection 
performance, so that focussing on likely defects can b<· 
expected to result in more detections. Drury and Sheehan 
(1969) gave reooforward information on fault rype to six 
inspectors of steel hooks. Missed defects were reduced 
from 17% to 7.5%, while fu1se alarms were simulta
neously reduced from 5.5% to 1.5%. InfOrmation to the 
inspectors on the probabilities of a defect being present has 
not led to such clear-cut results (e.g. Embrey, 1975), and 
indeed a recent experiment (McKernan, 1989) showed 
rhat probabiliry :nformation was only useful to inspectors 
for the most difficult-to-detect defects. 

Feedback Information has had consistent posirive results 
in all fieldsofhuman performance (e.g. Smith and Smith, 
1987), provided it is given in a timely and appropriate 
manner. Wiener(l975) has reviewed feedbadcin training 
for inspection and v;gilance, and found it universally 
beneficial. Outside of the training co moo, feedback of 
results has had a pcwerful effi:ct on the inspector's ability 
to detect defects. Embry's laboratory studies (1975) 
showed a large effect, but so did Gillies (1975J in a study 
in the glass industry where missed defects were reduced 
20% when feedback was implemented. Drury and 
Addison (1973), another glass industry study lasting 
almost a year showed a reduction in missed defects from 
15o/o to 8.8% after rapid feedback was introduced. More 
recently, Micalizzi and Goldberg (I 989) have shown that 
feedback improved thediscriminability of defects in a task 
requiring judgment of defect severity. 
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With the background of the effectiveness in manipulating 
the information environment, each task in inspcc.:ion will 
be considered in turn. 

Task 1: Initiate Here, the command infOrmation 
predominates. The work<ard gives the location type of 
inspection to be performed, and at times also feedfmward 
information of use in the Search and Decision phases. 
Typically, however, this information is embedded in a 
mass of other necessary, bur not immediately useful, 
infOrmation. Often the information contains attached 
pages, for example with diagrams of parts to be inspected. 
While laser primers mal<ing a new copy for each work card 
have hdped diagram quality, inspectors still find some 
diffimlties in interpreting this information. Supplemen
tal (feedforward) information is available in manufactur
ers manuals, F Mcommlinications, and company memos/ 
message;, but these sources are typically not used at 
inspecricn time. T'niscan place a burden on the inspector's 
memory, suggesting an integrated system is appropriate. 

Feedback from the initiate task is obvious in many cases 
becruse it wmes from Task 2 -Access. An exception is 
fuedback for NDI calibration, which must be provided 
duringrhecalibraticn process or there will be no assurance 
that Search and Decision can be performrd correctly. 

Task2: Acce.u In order to access an area of an aircrafr the 
area must first be opened and cleaned, neither of which arc 
under the control of the inspa-~or. Thus, scheduling 
informiltion required for access is the assurance that the 
areaisreadytoinspect. Workschedulingsystemsrypically 
assure this, but wrong information does get to t.he inspec
tor at times, giving time loss and frustration. It is at Access 
that confusions in location from Task 1 should become 
apparent. Improved information systems for locating an 
area on an airctafr unequivocaily are needed, and need to 
be integrated with ether information system components. 

It should be noted that feedback on access can be given in 
anysyy-.em by incorporating unique landmarks so that the 
inspector can be assured that the correct area has been 
>eached. 

Task 3: SeaTch. It is in the tasks of Search and Decision
making that information has the largest poter.tial impact. 
In visu.! search the inspector must closely examine each 
area for a list of potential faults. Which areas are searched 
is a matter of prior information--either from training. 
experience or the workcard. The relative effort expended 
in each area is similarly a matter of both directive and 
feedforwan:l infOrmation. If the area of main effort is 
reduced, the inspector will be able to give more thorough 
coverage in the time available. An information system can 
be used to <'Vercome the prior biases of training and 
experience, ifindeed these b:._<,..,; need to be overridden in 



a particular instance. 1be fault list which the inspector 
uses to defme the targets of search comes from the same 
three sour~. This fault list must be reolistic, and consis
tent. In ll!any industti:>l inspecti<>n tasks, developing a 
ronsistenr lise and delirricion ofF.wlr names ro 0, used by 
all involvc::.i is a major contribution to improving inspec
tion performance (e.g. Drury and Sinclair, i 983). Faults 
often go by different names to inspection personnel, 
manufacnuers, and writers of worksheets, causing mis
directed sc::arch a:1d subsequent errors in decision and 
responding. Probabilities ofthedifferent targets or defects 
are rardy presented. Again, system integration can help. 

Feedback of search success onfy comes from Task 4 -
Decision Making, and only then if an indication was 
found. If the indication was missed, then feedback awaits 
the nen inspection or audit of that area, presumably 
before the fault affects safe operation. Note that if an 
indication is found, feedback is immediate, but if missed, 
feedback is much delayed. Delayed feedback is often no 
better thaJt no feedback. 

Task4: Decision Malting, The information required to 
make a correct decision on an indication is in the form of 
astandani against •;.hich to compare the indication. Such 
standards at the working point can be enremely effective, 
for example McKennel (1958) found that they reduced 
the avernge error of a trained inspector to 64% of its 
magnitude without such standards. The need for these 
comparison standards has been noted earlier (Section 
3.1.3.i.i),butthe=ommend.>tionhereistoincorponzte 
suc!-1 a staJtdani within a unified S}'stem. 

Feedback to the inspector in the Decision Making task is 
not rapid or obvious. If an inspector macks a defect (and 
writes it up), it will be repaired and go to a buy-back 
inspection. Currendy (Section 3.4.3.5.3), because of 
scheduling constraints and shiftwork, it will rardy be the 
same inspector who gets to re-inspect that repair. Thus, 
m Of'PO"<miry liJrf=lba.:k is being mis=l. In addition, 
some repairs will destroy the defect without confirming it, 
e.g. drilling an oversize hole to take a larger rivet when 
EddyCurrenrinspectionhas indicated asmall crack in the 
skin by that rivet. 

Task 5: .Rnponse. The physical response made by the 
inspector represents the output information from the 
inspector to the system. It is as much a pan of the 
informacion environment as input and teedback. As 
notedearlier(Seaion3.4.3.5.2).recordingcurrendyplaces 
a memory load on the inspector, or •. , teans that interrup
tions OCCUt in the inspection job. Other interruptions 
come frorn scheduling (e.g. an =ra inspector is required 
on another job), from unscheduled events such as more 
cleaning being required before an inspector can complete 
a workcard, and from maintenance operators interrupting 
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the inspector to buy-back any repairs wf.jch have been 
completed. 

Feedback as a result of the Rc:spons<: is rare. Only a small 
sample of work is auditoo, and any feedback frol"h this is 
typically negative rather than positive. If a defect is 
reponed, then feedback to the inspector who reponed it 
can be arranged. However if the inspector does nor repon 
the defect (either search failure or a wrong decision) only 
an audit or subsequent inspection will give feedback. 

For many defect rypes, a defect may only be an indication, 
not required to be reponed, and f,ence not r~ned. 
Vnfonunately, the .fucr that the inspector round it is then 
lost forever, as the chattce of the same inspector being 
assigned to the same pan of the same aircraft on subse
quent checks is smail. Capture of some of these indica
tions may be a way to ptovide more detailed feedforward 
for subsequent inspections and once more, an integrated 
system will be required. 
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Task 6: Repair. Frorn the inspector's point of view, 
infonnarion is ilowing ourw.ud at this task, LC. to the 
repair technician. Potential difficulties of the recording 
and marking system for other panicipants have already 
been noted (Section 3. 4.3. 7.1). 

Task 7: Buy-Back. Both command and feedforward 
information to the buy-back inspector come from the 
NRRformzndanymarkings in the aircraft. Feo:Qbackto 
the buy-back inspector is,likethatto the original inspector 
in Task 5 only, from audit or subsequent inspection. 

In all of the above tasks, information needs can be seen, 
and be seen to be mer less than perfecdy by current 
systems. Although Settion3.4.3provides suggestions for 
specific i!nprovements, the opporruniry needs to be taken 
to devise more integrated solutions. The corning of 
powerful, but portable, computerswith networking capa
bilities, can aid tJ'tis systerns integration. Aireadyptotorype 
sysrerns cxisc for aiding faulr diagnosis in aircrafr systems 
Qohnson, 1990), so that the practicaliry of aiding the 
airframe inspector is real. The challenge is to understand 
what information needs to be given, and captured, by such 
a system, and to understand how information technology 
can be applied to fault detection rar."'er than fault diagno
siS. 

Research is needed to provide more detail ofhow much of 
each rype of inrormarion (command, feedforward, teed
back) needs to be provided for optimum inspection 
performance in each task step. In parallel, the technology 
of information capture, interface design and hardware 
functioning needs more research to make it applicable to 
the specific needs of aircraft inspection. 
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3.4.4.3 Training Design and Implementation 

An obvious intervention in improving inspection perfor
mance is to call for improvements in training. As will be 
shown, training has a powerful effect on inspection perfor
mance, even when applied to experienced personnel. 
Also, a basic Task Description ofinspection, the first step 
in any training scheme design, is available ( T abk 3.1). 
From this task description, it is seen that both manual/ 
procedural rasks (Initiate, Access, Respond) and cognitive 
tasks (Search, Decision) are represented. While training 
for procedural tasks is relarivdy straightforward (e.g. 
Johnson, 1981 ), most of the opponunities fOr error ocrur 
in th! cognitive aspects of:nspection (Drury, 1984). 

The cum:nt state of aircraft inspection training is that 
much emphasis is placed on both procedural aspects of the 
task (e.~. how to set up for an X-ray inspection of an 
aileron}, and on diagnosis of the causes of problems from 
symptoms (e.g. trouble shooting an elevator control cir
cuit}. However,theinspectorswehavestudiedinourrask 
analysis work have been less well-trained in the cognitive 
aspects of visual inspection itsd£ How do you search an 
arrayofrivets-bycolumns, by rows, by blocks? How do 
you judge whether corrosion is severe enough to be 
reponed? 

Most inspectors receive their training in these cognitive 
aspects on the job, by working with an experienced 
inspector. This is highly realistic, but uncontrolled. 
Experience in training inspectors in manufucturingindus
try (Kleiner, 1983) has shown that a more controlled 
training environment produce> better inspectors. If train
ing is enrirely on-the-job, then two of the main determi
nants of the training program, what the trainee sees and 
what feedback is given, are a matter of chance, i.e. of which 
particular deteas are present in the particular aircraft 
inspected. There is a largedifferena: between training and 
practice. Figure 3.5 (Parker and Perry, 1982) shows how 
the effective discriminabiliry of a target changed between 
two periods of practice, compared with peric.ds before and 
afier training. There was a highly significant improve
ment with training bur not with pracrice. The challenge 
is to apply what is known about human learning of 
cognitive tasks so as to maximize the effectiveness of 
training for the aviation inspector. 

A basic principle of training is to determine whether the 
activity is indeeG trainable. Studies of visual search 
(Parkes, I %7; Bloomfield, 1975} h4ve shown th..t both 
speed and acruracy improve with controlled practice. 
Embrey (1979) has shown that for decision-making, 
discrirninabiliry can be trained. Thus, bod; cognitive 
fuctors (Search, Decision) can be trained. 

Discriminability 
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FJgUCC 3.5 Training Versus Practice 
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The principles on which training should be based are 
rdarivelywell known, and can be summarized (Goldstein, 
1974): 

1. Develop and maintain attention, i.e. focus the 
trainee. 

2. Present apected outcomes, i.e. present objec-
rives. 

3. Stimulate recall of prerequisites, i.e. get ready to 
le:arn. 

4. Present underlying stimuli, i.e. funn prototype 
patterns. 

5. Guide the trainee, i.e. build up skills progres-
sively. 

6. Give knowledge of resultS, i.e. rapid feedback. 
7. Appraise performance, i.e. to< against objec-

tives. 

8. Aim fur tr.msfer, i.e. help trainee generalize. 
9. Aim fur retention, i.e. provide regular practice 

after training. 
Control is impottant, e.g. 4, 5 and 6 above all require the 
trainee to receive a carefully-tailored experience to obtain 
maximum benefit. Some particular ways in which these 
principles have been applied are: 

30 

25 

20 

15 

10 

0 
Active 

The Maintenance Tedlni:ian in Inspection 

1. Cueing. It is often necessary to rue the trainee as to 
what to perceive. 'When a novice first tries to find 
defective vanes in an engine, the indicatiom; are not 
obvious. The trainee must knowwhatto look for in 
each X-rar. Many organizations have files ofX-ray 
film with known indications for just this purpose. 
Specific techniques within rueing include match
to-sample and delayed-match-to-sample. 

2. Feedback The trainee n=ls rapid, accurate feed
backinordertocorreedydassifYadefectortoknow 
whether a search pattern was effective. However, 
when training is completed, kedback is rare. The 
training program should start with rapid, frequent 
feedback, and gradually delay this until the "work
ing" level is reached. More feedback beyond th~ 
end of the training program will help to keep the 
inspector calibrated (e.g. Drwy, 1990a). 

Passive 
Trial Condition 
F.gurc 3.6 Trainiag Condition 
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3. Active Training. In order to keep the trainee 
involved and aid in internalizing the material, an 
active approach is preferred {Belbin and Downs, 
1 %4). In this method, the trainee makes an active 
response afi:er each new piece of material is present, 
e.g. naming a fault, waiting a discrepancy can!. 
C:z.aja and Dnuy (1981) showed that an active 
training program was much more effi:ctive than the 
equipment passive program (Figure3.6) fora com
plex inspection rask. 

4. Progressive Part. A standan:l methodology in 
industrial skills training (e.g. Sal-:endyand Seymour, 
1973) is to teach parts of the job to criterion, and 
then successivdy iarger sequences of parts. ibus, if 
fourraskdementswere E,, f.,. E, and E, wewould 
have 

• Train E,. f.,. E,E, separately to criterion. 

• Train E. and £.,. E., and E, to criterion. 

• T min E. and £., and f.,, F., and E., and E4 to criterion. 
• Train whole task E. and F., and E., and E4 to 

criterion. 

This technique enab1es the trainee to understand 
task dements separately and also the links berween 
them which represent a higher level of skill. Czaja 
and Drury (1981) and Kleiner (1983) used pro
gressive part training very effecrivdy. 

5. Devdop Schema. The trainee must eventually be 
able to generalize the training experience to new 
situations. For example, to t..rain for every possible 
site and extent rf corrosion is dearly impossible, so 
that the trainee must be able to detect and classify 
corrosion wherever it occurs. Here, the trainee will 
havedevdopeda "schema" for corrosion which will 
allow the correct respon..<e to be made in novel 
situations which are recognizable imtances of the 
schema. The key to development of schema is to 
expcse the trainee to controlled variability in train
ing (e.g. Kl~iner artd Catalano, 1983). 

Nor all of these teclmiques are appropriate to all aspects of 
rraining aircraft inspecrors, but there are some industrial 
examples of their use, which can 1=1 to recommendations 
for aircraft inspection training. 
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3.4.4.3.1 F.xamplesoflmpection Training in Manufac-
turing 

Table3.6, modified from C:z.ajaand Drury (1981), shows 
the results achieved by industrial users of the training 
principles given above. In each case, the inspectors were 
experienced, but the results from new training programs 
were dramatic. To provide a flavor of one of these 
successful programs, the final one by Kleiner and Drury 
will be illustrated. Thecompany-manuf.taured precision 
roller bear'~,gs for aircraft, and the training scheme was 
aimed at improving the performance of the inspection 
function for the rollers. All inspectors were experienced, 
from 2 to 14 yea..,., but measurements of performance 
(Drury and Sinclair, 1983) showed much room for 
improvement. Based on a detailed Task Analysis, a two
day training program was developed. Inspectors were 
taught using a rask card-based system. Each card had a 
color-<:oded task section. 

• Naming of defects (flaws) 
• Naming of parts (surfaces) 
• Handling methods (handling) 
• VISual search (search) 

• Decision making (>tandards, decision making) 

• Process interface. 
For each section, there were a progressive set ofcardswir.I-, 
infOrmation, possible physical examples or test proce
dures, and a sequence indication. Each card required an 
active response. 

This training program was eva! uated in two ways. First, 
two new recruits were able to achieve perfect scores on the 
test batch at the completion of the program. Second, the 
quality of feedback from inspection to manufacturing 
increased so much that scrap was h.!voo between the six 
months befure the training and the six months afi:er. The 
whole program was repiicated for the inner and outer races 
of the bearings, enrirely by company personnel using the 
roller training program as an example. 

Such a training program in the cognitive skills underlying 
fault detection is needed for aircrafi: inspectors. Drury and 
Gramopadhye (1990) show how it can be applied to one 
aircrafi in.<pection task, but a more romplete design is 
needed if an impact is to be made. lr is recommended that, 
in addition to the training in fault diagnosis in avionics 
sysrerns being undertaken by Johnson (I 990), more effort 
be m.de to use the rask analysis data already collected ro 
devise improved t::rining programs for airframe inspectors 
using the above principles. The training programs for me 
cognitive a_'l<l manual skills off:llllt detection then need to 
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TRAINING TECHNIQUE TYPE OF TASK RESULTS 

Knowledge of resUts (K of R)md Inspection of tin plates General Improvements In inspection 
training sessions which Included perlonnanoe; greater detection ol 
lectu!IIS and demonstrations taults 

30 min class instruction; 11 tests Micrometer inspection 50% reduction In average error, but 
with K of R over 2 weel<s of blocks no effect on retention 

Knowledge of IIISUhs using and Photointerpretallon Deere~ In errors of commission 
error key 

Four, 1·hr sessions whicll Included lnspactlon of machine Training resu~ed in a 32o/o incre~ in 
!ectu!IIS, demonstrations, and K parts detects detected 
of R from a question and 
arower period 

Knowledge of resuhs and group Photointerprete.tlon Significant improvement in inspection 
discussion psrfonnanoe and a decrease in tatoo 

alanns 

Demonstrations, use of Inspection of glass 50% increase in lauhy detection, 50% 
photographs simulating hems and bowls increas' In false rejections 
faults, examples of faulty kerns, 
practice whh K of A 

Gradual approach to the task Fauh detection In a Training resulod in an increase in 
(diagnosis ottauhs then petroleum refit1ery faults detected, decrease in detection 
verifiCilllon) using programmed process limo, and deere~ in false rejection 
instruction 

Produd knowledgo, standanls, Soldll! joint, inspection E!flciency up ~om 33·67% to 89·97% 
tearch training, practice wkh K 
of R, progressiw part 

Progressive part, cueing, K of R, Aircraft beBling Rest error reduced to lero, 50% scrap 
active inspection reduction 

-

TABLE 3.6 Smrunary Table ofP~ Applications oflnspector Training Programs 
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Chapter Three 

be evaluated to demonstrate their eflCctiveness, as was 
done fur the studies in Table 6. From these demonstra
tions, a standatd methodology needs to be developed so 
that aircrafr repak s;tes can apply the same pr.nciples on a 
routine basis to all existing and new inspection tasks. 

3.4.4.4 SdectiooJPlacement Procedures 

Throughout manufacturing industry, a major empha<is 
has traditionally been plaoed by management on finding 
the right person fur the right job. Aircraft inspection 
appear.; to be no exception. If there are individual 
differences in performance, then it appealS ri!2SOnable to 
select initially those applicants who have a higher prob
ability of ac..!Ueving high job performa!lC:, and placing 
individuals throughout their career into !~ which in 
some way match their abilities. Unfortunately, the evi
dence in inspection tasks does not support this common 
sense approach at all strongly. A major review by Wiener 
(1975) concluded that emphasis on training and job/ 
equipment design would yield much higher benefirs than 
pursuing the search for good seleaiorJplacement tests. 
Fortbe specific job of aircraft inspection, astudy is needed 
to make a definitive decision, so that resources CL'l be 
applied :odevisingsuch tesrs, orthewholeccncept cart be 
put aside. 

Wiener raised the issue of test validity. J f the inspeaor' s 
task is to detect true def=s, while ignoring non-<lefeas, 
then any potential tesrs should cond.r: with these mea
sures, rather than with less-related measures such as 
supervisor ratings. Hartis and Chaney (1969) devised a 
well-validated selection test fur electronic i.'l.Spector.:, w
ing t.lte criteria of detection ability to establish validity. 
However, thetestwas fuund to be not valid for mechanical 
inspectors. A large study of selection tests fur inspectors in 
gen=l (Gallwcy, 1983) showed that general tesrs such as 
intelligence or cognitive style were not strongly condated 
with performan= A simplified version of the actual 
inspection task w.;< the only selection device to show 
reasonable cond•tions with perfurman= Fur.her study 
by Wang and Druty (1989) found that using a task 
analyticapproachallowedtestsofsomewharhighervalid
ityto be chosen, but the powerofsuch tesrs to discriminate 
between successful and unsuccessful inspectors was not 
high. 

.An3lysis of the same data (Oru..'Y and Wang, 1986) 
determined that inspection perfOrmance was highly task
specific. Good i:nsp=ors on one inspection task may be 
poor on other tasks. TI:is &ct would explain why Harris 
and Chaney's test only worked fOr the electronic inspec
tors fur whom it '''as origin;olly designed. 
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Aircra..lt inspection tasks are diverse, as wao. found dearly 
in the cunent sruriy. They range from visual detection of 
many discrete def=s, though kinesthetic detection of 
play in bearings or cables, tc tactile inspection for loose 
rivets. NDI tasks represent anothe! spectrum of required 
inspection skills. If inspection ability is indeed task 
specific, the prospects for a single "inspection testn are not 
good. However, it is worth =ommencling a definitive 
study of indrtidual differences in aircr..fi inspection be
Cl.use the ~off fur establishing a reliable and valid 
inspection test would be large. This recommendation has 
thus a low probability of success but a high value if it does 
suca:ed, and on balance is probably worth J'CL-forming. It 
should have the lowest priority of the four r:commended 
long-term studies. 

3.5 CONO..USIONS 
The work reported here represent; the results of the first 
year c;[ a process desigl. ~ 10 •= the known resulrs of 
human f..aors in manuf..auring inspection to aid in 
improv'.ngthe reliability of aircrafr i!!Speaion. As such, it 
has concentrated on detailed observation of tbe current 
aircrafi: inspection system, and theanaiysisofthatsystem 
in <erms of models found u..<di.>.l in improving manufac
turing inspection. The sampie was restticred initially to 
major national carriers, and all methodology had to be 
devised specially for aircrafi: inspecoon by analogy. De
spite these ine-vi!able limi•.ations of any star.ing endeavor, 
solid conclusions can be drawn. 

1. Task Analysis of aircra..lt inspection is possible, 
and has proven useful in locating human! system 
mismatches which can cause inspection errors. 
The principles and models derived from human 
"-~ . ' . . . h ' la.L&.OIS m ma.."lur-.:.CU...'"'l.~ 1nspecncn .. laVe Deet'l 

readily adapted to aircrali: inspectinn. This 
effort needs to continue "~th a more diverse 
sarnple. 

2. A set of short-term and long-term interventions 
has been generated, to guide both relativel;-
rapid implementation and the seuch for new 
data and tedmiques {Sections 43 and 4.4). 
Implementation can only be .1.chieved by the 
organizations whose mission is aircrali: inspec
cion and maintenance. The research team and 
the FAA should work closely with these organi
zations hoth to implement changes, and to mea
sure the effectiveness of these changes. 



3. A finn conclusion must be dw: the current 
system is gcod. Mojor improvements have b<en 
madeoverther=s (e.g. NDI equipment), and 
all particip-..nts enrountered during this study 
haveshownakeenrommitmenttosystcmsalety. 
The improvements which now need to be made 
are not lllways obvious or->-= if theywae they 
would probably already have been made. Rec
ommended improvements aretheresultofbring
ing new cq>ettise (human facto~>:) to bear on an 
alre!dy error-resistant system. 
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Advanced Technology Training for Aviation Maintenanre 

O.aptnFow: 
Adv.mced Tecbnology'Iiaining 

fur AWttion Maintenance 

This chapter reports the status of a project to support the 
application of advanced technology systems for airoafi 
maintenance training. The lim phase of the research was 
to assess the current use of such technology in airlines, 
manu&crurers, and approved aviation maintenance tech
nicianschools. Thefindingsoftheassessmentarereported , 
here. The second phase ,f the research is building a 
prototype intdligent tutoring syttem for aircraft mainte
nance training. The chapter defines inteliigent tutoring 
system technology and presents the specifications for the 
prototype. This chapter also describes example constraints 
to the rapid design, development, and implementation of 
advanced technology for maintenance training. 

4.0 INTRODUCTION 

The human is an important component in the commercial 
aviation system that provides safe and alfurdahle public air 
transportation. Much artention to the "Human Factor" in 
the aviation indusny has focused on the cockpit crew. 
However, the FM and the airlines recognize that aircraft 
maintenancetechniciar_s (AMTs) are equal partnetswith 
pilots to insure reliable, safe dispatch. The job oftheAMT 
is becoming increasingly difficult, as di.cussed in Clmpur 
1. This is a result of the f3ct that there are increasing 
maintenance tasks to support continuing airworthiness of 
the aging aircraft fleet while, at the same time, new 
technology aircraft are presenting complex digital systems 
thatmustbeunderstoodandmainrained. Sheet metal and 
mechanical instruments have given way to composite 
materials and glass cockpits. These new technologies have 
placed an increased training burden on the mechanic and 
the airline training organizations. 

The FM Office of Aviation Medicine, as a part of the 
National Aging Aircraft Research Program and the Na
tional Plan for Aviation Human Factors, is stUdying a 
number of Human Factors related issues that affect avia
tion maintenance. As described in Clmpur 1, examples of 
the projects under investigation include the following: a 
study of job aiding for maintenance tasks (Berninger, 
1990);designanddevelopmentofahandbookofHuman 
Factors principles related to maintenance; a task analysis of 
aviation inspection practices (Drury, 1989 and 1990); a 
study of mainten:mce organizations (Taylor, 1989 and 
1990); and the assessment and specification/demonstra
tion of advanced technology for maintenance training. 
The advanced technology training research, reported here, 
is exploring alternatives for the effective and efficient 
delivery of a variety of aircraft maintenance training. 

4.l RFSEARCH PHASFS 

The training technology research is divided into three 
phases that will beconductedovera threeyeat period. The 
work began in January of 1990. 

In the first six months the status of training tec.lmology fo,· 
maintenance technicians was assessed. This was done 
with a series of tdephone interviews and site visits to 
manu&crurets, airlines, and schools operating under Fed
eralAviationRcgulation Part 147 (FAR 147). Currently 
the n:sea..-ch team is designing and building a prototype 
int.elligent tutoring system (ITS) that can be used as a 
demonstrnrion of the appliCation of expert system tech
nology to n:aintenance training. ITSs are described in 
Section 4.2. The prototype will also be used to help 
finalize the specifications fora fully operational intdligent 
tutoring system that will be completed in the second year 
for a full scale evaluation in year three. 

The operational intelligent tutoring system will be built in 
conjunction with a school and airline that were identified 
during the lim six months of the project. The intdligent 
tutoringsofiwarewill begenericindesignsothat it can be 
modified for a variety of aircraft maintenance training 
applications. The product will be a turn-key training 
system for maintenan= The important by-product w'.ll 
be a field-tested approach to develop, efficiently, suhse
quent ITSs for aircrali: maintenance training. 

The third phase will be dedicated to evaluation 0f me 
intdligent tutoring system fur maintenance training. Tne 
system will be integrated into a training program at a 
school or airline. User acceptance and training effective
nt'SS of the intelligent tutoring system for maintenance 
training will be evaluated. In addition, there wiU be an 
analysis of the cost efkctiveness of such training technol
ogy. T abk 4.1 is a su!nmary of the three phases. 

4.2 DEFINfTIONS OF ADVANCED 
TECHNOLOGY AND ITSs 

Over the past decade, instructional technologists have 
offered numerous technology-based training devices with 
the promise of "improved efficiency and efkctiveness". 
These training devices are applied t<> a variety of technical 
training applications. Examples of such technology iP.
dude computer-based simulation, interactive videodisc, 
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Chapter Four 

Phase 1 1990 Technology Assessment and Prototype 

Phase 2 1991 Build Complete Intelligent Tutoring System 

Phase 3 1992 Conduct System Evaluation 

Table4.1 
Phases ofResean:h Plan 

and other derivatives of computer-based instruction. 
Compact disc read only memory (CD ROM) and Digital 
Video Interactive (DVI) are two :!dditional technologies 
that will offer the "multi-media" training systems of th" 
fUture. 

The application of an[ficial intelligence (AI) to training 
captivated the instructional technology literature of the 
eighti.s (Sleeman and Brown, 1983, Wenger, 1987, 
K=sley, 1987). TheAI-based t..raining systems are called 
intdligenttutoringsystems (Polson and Richaroson, 1988, 
Psotka, et a!, 1988). This section will define the ITS 
technology as it exists today. The section will show 
ewnpl;;:s of systetns that are currently in use and/or 
development. The examples are those for which the 
author has responsibility. There are many other excellent 
ITSs in development today. Intelligent tutoring systems 
are usually described with some version of the diagram in 
Fig11rd.l (Johnson era!, 1989; Mitchell and Govindaraj, 
1989; y azdani, 1987). 

At the center of the diagram is the instructional environ
ment. ltcanincludeanyofthetechniqu.sthathavebeen 
available with conventional computer-based instruction 
(CBI). Thiscouldincludethefollowing: simpletutorials, 
drill and practice, problem solving, simulation, and others. 
It can be argued that the design of the instructional 
environment is the most critical dement in a n-..ining 
system. However, an ITS is only as strong as its weakest 
module. 

Between the instructional environment and the sn.-dent is 
the user interfuce. The interface permits the "'' dent to 
communi=e with the instructional environment. The 
interface can be as simple as text with a keyboard. How
ever, today's interfaces are morelikdyto include sophisti
cated color graphics, animation, audio, and video disc. 
Example input devices are keyboards, touch screens, mice, 
trackballs, <oice, and other sud> hardware. 

The software that differentiates ITSs !Tom convention:d 
CBI are the models of the expert, student, and instructor. 
The expert model conttoins an understanding of the 
technical domain repr.sented in the instructional envi
ronment. There are numerous ways to encode this expert 
underst:mding. The most comm<>n '-with productio;,. 
rules. When the instructional environment is a simula-
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F.gure 4.1 Intelligent Tutoring 
System 

.,....,. 
IIODEL 

cion, a portion of ilie expert model is oli:en embedded in 
the simulation. This is true with Microcomputer Intelli
gence fur Technical Training (MITij (Johnson et al, 
1988 & 1989) and with the lntdligenr Maintenance 
Training System (IMTS) (Towne a.'ld Munro, 19S9). 

The student model is a dynamic accounting of student 
perfOrmance within a given problem. Most student 
models also contain a historical record of previous student 



performance. The final model, the instructor, compares 
the st'~ent model to the apett model to ossess student 
performance. Theinstmctor mo:id,sometimescalled the 
pedagogical expert, offers appwpriate feedback and/or 
suggesrions for remediation. The instructor model also 
sequences subsequent instmaion based on perceived level 
of competence of the student. The instmctor model is an 
expen system with production rules about tr.ilning and 
feedback. This model does not necessarily know a.'lything 
about the content manerwithin the instructional domain. 

4.2.1 Example Systems 

Research on anificial intelligence in training has been 
going on fur quire some time (Carbonell and Collins, 
1973). However, few systems have made a successful 
transition from the laboratory to real training environ
ments (Polson, 1989, Johnson, 1988b). Johnson has 
offered a number of the reasons that the transition has 
beenrufficuh. HealsodescribedhowtobuildiTSsforreal 
appli=ions Oohnson, 19ll8a, 1988b. 1988c). 

Flowchans and diagrams, like the one in Figure 4.1, are 
helpful to gain a broad understanding of the ITS concept. 
Examples of operational ITSs are a better way to under
stand and appreciate their potential for technical training. 
MffT, MfiTWriter (citation), and Adva.,ced Learning 
for MSE (AIM) (Coonan, et a!, 1990) are examples of 
such systems. 

4.2.2 Summa'Y of.F.umples 

MfiT, MfiT Writer, and AIM are but a few examples 
ofiTSs that have transitioned from the laboratory to the 
operational training environment. This tr.u>.sition was 
possible because the systems were designed ro meet the 
hardware, software, and budget constraint> associated 
withreaitraining. Thcsesystemsoperareonh:udwaretha! 
is available, in place, today. Ifintd!igent tutoring systems 
are to become a part of technie~l training they must be 
sensitivetotheseconstrain~. Each will bebrieflydiseussed 
here. 

Hanlwa.-e is the first constraint. Mcst of the early !TSs 
were developed on dedica!ed artificial intelligence work
stations. Such hardware is considered to be obsolete and 
impractical by most developers. However the early ITS 
development on the Xerox and Symbolics workstations 
permitted the initiai desigr. principles for today' s systems. 

Thehardwareproblemishistory. Today'scomputers, the 
IBM-AT, compatibles and the Macintosh, have the capa
biliryfuriTSs. Thefuster80386and80486processorsare 
providingsignificmtcapabilitytodeliverinte'Jigenttrain
ing. Such hardware is becoming increasingly a.Ffurdable 
and =sonable for training applicttions. 
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Sofiwa:e has also evolved to become more suitable for ITS. 
The new operating systems, with new hardware, permit 
parallel processing and direct access to unlimited memory. 
These two change;, by themselves, will have a major 
impact on new training software. In addition to these 
advances are 2 variety of software tools thar facilitate the 
development of interactive graphics, as an example. 

Budget considerations are a third constraint to the devel
opment and implementation ofiTS in technical training 
environments. The advent of ITSs on available micro
computers is driving down such costs. The development 
of authoring systems, like MITI Writer, will also bring 
down the cost ofiTSs. 

4.3 ADVAI'lCED TECHNOLOGY FOR 
AIRCRAFf MAINTINANCE 
TRAININC: 

The goal of Phase I was ro identify the extent to which 
advanced technclogywas being applied to aviation main
tenance training. To accomplish this goal, a sample of the 
population of airlines, schools, and manufucrurers was 
either visited or interv1ewed by celephone or personal 
discussion. The organizations tha< had major input to the 
survey are shown in T abk 4.2. 

Each interview began with a discussion of the perceived 
status quo of maintenance training. Table 4.3 surnma
rizes the preconceptions that served as a basis for initial 
discussions. 

The interviews confirmed that the initial perceptior.swere 
accurate. However, there were noteworthy exceptions. 
Perhaps the most signific:mt of the incorrect assumptions 
was the FAA position on advanced technology for main
tenance training. The discussions with FAA perso:mel 
and training personnel throughout the industry confi..-m 
that advanced technology training S}'>tems have the po
tential to substitute fur real equipment in cenain labora
torytasks. For example, an AMT trainee can learn to stan 
and troubleshoot a turbine engine using a simulation 
rather than the real engine. Advanced technology cannot 
substitute for many psychomotor activities but is espe
cially useful where students must practice the integration 
of knowledge and skill fur problem soiving. decision 
making. and other such diagnostic activities. It "!'.~:""""• 
therefore, that simulators and other advanced technology 
are becoming an important component of maintenance 
trainin!; curricula. Proposed changes to FAR 147 have 
suggestedthat"thecurriculummaybepresentedurilizing 
currently accepted educational materials and equipment, 
including, but nor limited m: calcularors, computers, and 
audio-visual equipment." 
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AIRLINES: American Airlines Maintenance Academy 
Br~ish Airways 
Continental Airlines 
Deka Airlines 
Northwest Airlines 
Unned Airlines 
ATA Maintenance Training Committee 

SCHOOLS: Clayton State Col!ege 
Embry-Riddle Aeronautical Unive\'Sity 
The University of llinios 

West Los Angeles conege 
MANUFACTURERS: Boeing Commercial Airplanes 

Douglas Aircraft 
Airbus! Aeroformation 
ATA Maintenance Training Committee 

Table 4.2 Sources oflnfunnation for Technology Survey 

4.3.1 A Discussion of Hardware for Advanced 
Technology Training 

All of the interviews resulted in a discussion about the 
appropriate hardware systems for advanced teclmology 
trair.ing. While there is not unanimous agreement, the 
current favorite is the 80286 or 80386 operating in the 
DOS environmem. VGAseemsto betheacceptablevideo 

h:udware standard. Many airline managers were outspo
ken about their dissatisfaction with the lack of standards 
among the various CBI vendors. The Air Transport 
Association (ATA) Maintenance Training Commirtee 
(AT A, 1989) has strongly recommended that all manu
facturer-produced courseware be designed for a common 
non-proprietar;system like the IBM-AT and compatible 

• Maintenance training is traditional. 
• Training personnel do not have time to develop 

advanced technology training systems. 
• FAA has not encouraged the use of advanced technology 

as a substMe for laboratory practice. 
• Advanced technology is an effectrve maintenance 

training aHernative. 
• There are few vendors of advanced technology for 

maintenance training. 
• Most CBI systems require proprietary hardware. 
• Training personnel want advanced technology 

training systems. 

Table4.3 The Pera:ived Situation for Interview Discussions 
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F.gure 4.2 Advanced Technology Training Prototype 

computers. Thar is net currendy the case, although the 
trends are in that direction. Software developers who meet 
dte ATA standards are more likely to sua:eed in the new 
marketplace. 

The two largest producersofCBI foraviat;on maintenance 
are Aeroformation (for Airbus) and Boeing Commercial 
Airplane Company. Both systems require some propri
etaty hanlware but are somewhat compatible within the 
80286/386 family. fA:.,_Jas Aircraft is also developing 
CBI that will be compatible with the ATA standanl. 
Another committee that is piomoting standards is the 
Aviation lndusti)'Computing Committee (AICQ. They 
have published hanlware guidelines and a attalog of 
rurrent and planned CBI developments by its members 
(AICC, 1 990). 

Among the major airlines there is some hanlv·arevariance. 
Delta Airlines, one of the few to have a significant CBI 
development staff. is using a large number of 80386 
processors with advanced graphical displays. The Delta 
systems are also DOS-compatible in order to maximize 
applications. 

The majority of Boeing training software is for the 747-
400. The Boeingsofiwarewasdevdoped wldercontract 
to a large CBI company. The Advanced Technology 
training devdop,nent group at Boeing are cooperating 
with United Airlines and Apple Computer Company to 
explore the concept of "Instructor led CBT." Using 
Macintosh computers and a variety of color graphics and 
hypermedia tools, they have created a variety of dynamic 
displays to be used for group training. Boeing calls the 
development "Instructor-led CIIT." Eventually this ap
proach should find its way to individualized CBI. 

4.4 ADVANCED TECHNOLOGY 
TRAINING PROT01YPE 

As described in &awn 4.1, the first phase of the project 
would estabiish the current status of advanced technology 
for maintenance ttaining, and then would build a proto
type ITS. The prototype c:m be used as a demor.stration 
of the application of expert system technology to mainte
nance training. The prototype (see Fig.= 4.2} will be 
used as a model for the fully operational ITSs to be 
completed in phase two and evaluated in phase three. 
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The prototype was devdoped with two major areas of 
concern in mind, the interface and simulation. An 
intuitive, easy-to-use intetf..cewas essential fur user accep
tance of advanced technology training. A correct and 
reali..Uc simulation of the instructional domain was also 
crucial. An iterative design approach involving subject 
maner experts, technical instructors, educational tech
nologists, and computer scientists was used to ensure that 
both of these goals were achieved. 

4.4.1 The Prototype SpeciJications 

The prototype was de'! doped on haniware that is aligned 
with the AT A-recommended stand:uds. The specifica
tions are listed in Tabk4.4. Thishardwareinsuresthatthe 
prototype will be of value for demonstration on available 
computers. It does not require special hardware. 

• 80286 or 80386 Processor • Mouse 

• 1 Mb ofMemmy • MS-DOS 

4.4.2 The Insttuaional Domain 

The primary criteria for selection of the instructional 
domain for the prototype was that the finished ITS be of 
immediate value to airlines and to FAR 147 schools. In 
order to accomplish this goal, the domain had to be a 
complex system that is proae to fuilure. In addition, the 
system had to have an effect on passenger safety and/ or 
comfort. Candidate systems that were considered in
cluded the following: hydraulics, auxiliary power unit 
(APU), engine information and crew alerting system 
(ElCAS), dcctric power distribution, fuel distribution, 
and environmental control system (ECS). 

ECS was chosen for the prototype system. 1bis system is 
ideal for many reasons. On the ECS, diagnostic informa
tion and maintenance checks occur through oat the air-

• C++ Programming Language 

• MSWmdows 

• VGA Display • Off-the-shdf software 

• Hard Disk Storage for graphics and windows 

Table 4.4 Hardware and Software for Prototype 

Theinstructionalandpedagogicaldesignisamoreimpor
tant consideration than hardware. While the design is 
hardware andsofiwaredependent, it must be emphasized 
that robusr and expensive hardware does not make up fur 
poor design of the instrucrion. An incomplete listing of 
the instructional specifications is shown in Table 4.5. 
These specifications evolved with the software. 

• E>:ten.sive Freeplay and lnteldction 

• Problem Sclving and Simulation 

• Explanation, Advice, wd Coaching 

• Orientation Towards Maintenance Tasks 

• Maptahle to Student Skill Level 

Table 4.5 lnsttuaional SpeciJications for 
Prototype 
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craft. The system is integrated with theAPU and th=main 
engines. The ECS is critical to passenger safety and 
comfort. Further, the ECS principles can be generalized 
to many aircraft. Therefore, currently, the ECS is the 
prototype domain. 

4.4.3 Prototype Development Partners 

At the outset of this research, the intent was to dicit 
participation from at least one FAR 147 school and at least 
one major air carrier. A large number of schools and 
airline. offered to participate. That is encouraging to the 
research team and to the FAA sponsor. 

The development partneno are Clayton State College and 
Delta Airlines, both in Atlanta, Georgia. The combina
tion of a major airline and an approved FAR 147 school 
will insure that the ITSs will meet the instructional needs 
across a wide spectrum of AMT personnel. The combi
nation will insure that the training system is technically 
correct and instructionally saund. Funl-.er the :llrlinel 
school-:ambination will be ideal to conduct e>-:lluarions of 
training effectiveness and cost efficiency during phase 
three. 
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FJgnre 4.3 Menu Options 

4.4.4 Prototype Devclopment Environment 

The development environment for the protOt'/P'' was 
chosen in accordance with the prowtype specifications 
outlim:d in Section 4.4.1. The prototype was de~·doped 
with Asymetrix T oolbook under Microsoft Windows 
3.0. Both of these products allowed access to extra 

memory, when available. 

T oolbook is a sofi:ware ronstruction Set with a grnphical 
user interface and object-oriented programming features 
(f oolbook is not a programming language). These 
features <ill owed fur the rapid development of an interface 
prototype and acrompanying simulation. 

The T oolbook development environment was excellent 
fur development of an interface prototype. However, as 
the system grew, T oolbook ran into memory limitations. 
Also, because T oolbook was not a programming lan
guage, there were inherent limitations on flexibility. This 
inflexibiliry was highlighted during t.'cle devdopment of 
the sir.1ulaticn. 

While adequate for the prototype, T oolbook will not be 
accepuble for the ITS that will be devdoped in the 
second phase. TherefOre, different options are being 
explored for the next phase. A rombination of a pro
g=ming language and an interface devdopmcnt pack
age (still under Windows 3.0) will be used for the next 
phase. This will allow for a more flexible and more 
powerfUl development environment. 
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4.4.5 Iterative Design Approach 

Afrer discussions with subjea matter exper..s, an initial 
interface prototype was developed. This interface proto
type was presented to the devdopmenr partners for eva! u
ation and critique. Changes were made to the prototype 
based on these romments. The modified system was again 
presented to me devdopment partners. This iterative 
process continued mroughout development of me proto
type. 

As the user interface evolved, work also began on me 
simulation mat works behind me interface. Once again, 
me simulation devdopment was 2Il iterative process. The 
subject matter experts e!ll'ured both correctness and com
pleteness of tire simulation. 

4.4.6 Prototype Description 

The protot";pe addressed me following mree major areas: 
Equipmentlnfurrnation,Norrna!Opcration,andTrouble
shooting (see Figure 4.3). Help is also available to me 
student at any time. Each of me major areas is described 
bdow. 

4.4.6.1 Equipment Infunnation 

The "Equipment Infunnation" mode allows me user to 
get information a!x>Ut me dilferen. components of me 
ECS. This information describes various switdllights, 
knobs, buttons, video displays, and warning lights for the 
equipment used to troubleshoot the ECS. 

The equipment mat is available to thestu<ient includes the 
following: ECS Overhead Pand, Bleed Air Supply Panel 
(See Figure4.4), BITE Boxes, EICAS display, and Coo!
ing Pack Schematic. The approach used to inlplcrnent 
Equipment Information is very modular to support the 
addition of any new equipment in the future. 

4.4.6.2 Nonlllh Operation 

Th~ "Normal Operation" mode simulates how me ECS 
responds under normal operating ronditions. This mode 
will provide tile students wim a baseline against which 
tbey can compare a malfunc:ion. The student has access 
to all of me equipment describe-d in Equipment InfOrma
tion. The student can change knob and switch positions 
just as in the "real" world. In mis mode it would not make 
sense for the student to replace components because every 
romponent is good. Part replacen1ent is reserved for 
T roubieshooting. 
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Bleed Air Supp(y Panel 

St~~lect 

switciJ/ights 
to operate ... 

FJgUre 4.4 Bleed Air Supply Panel 

4.4.6.3 Troubleshooting 

The "Troubleshooting" mode simulates how the ECS 
operates when a component h•.s f.Uled. As in "Normal 
Oper.uion"' me sn.dent can c.'wtge switch positions. 
Change;inswitchpositionswillaffecttheoperationofthe 
Cooling Pack as in the "real" world. Also, the student has 
access to a varietyofdiagnostictests (Buil:-in Test Equip
ment) and tools ro aid in troubleshooting. 

The protOt"JP" also supports the manufurrurer' s Fault 
IsolationMainrenanceManual (FIMM). TheFIW..M,as 
shown in Figure 4.5. represents the decision tree that the 
student may follow to troubleshoot the aircrafi. The 
student chooses the Fault Code to indicate the suspected 
malfunction. The simulation knows about the current 
malfunction and norifies the student of any logical errors 
ir._ the selection. If the correct f.tult code is selected, then 
the student sees the specific troubleshooting instructions 
for that fault code. 

Even though the ojS':em supports use of rhe FIMM, it is 
not required. The students may troubleshoot in any order 
that they choose. 1besrudent may also swap circuit cards, 
use a voltmeter ro check conrinuiry and voltages (see 
Figurt! 4.6), and replace components. Eventually, the 
stud en twill be able to replace a component and then veruy 
that ,J1e replacement corrected the malfunction. 

4.5 PlANS FOR PHASE ll 

During Phase l the proror_tpe was completed ar.d re
viewed by •.he cooperating airline < • !art 147 school. 
The overall design and to:.'mical =racy of the environ
menta! control system simulation was acceptable. During 
Phase II the prototype will be converted to a turn-key 
intelligent simulation. 

The Phase I prototype was d""eloped with software tools 
designed fur rapid prototjping. While the tools were easy 
rouse they lacked the robust capabiliryr.l,at can be derived 
from a programming langu..ge. During Phase II the 
simulation will be written in a programming language 
(C++). Tne graphics will be developed in a manner that 
will provide higher resolution and mnre color with l<'SS 
memory requirements than the prototype. 

During P nase II a robust evaluation plan will be designed. 
The evaluation is likely to involve a design with experi
mental treatment and control groupS- The plan will 
include methods to assess training dfe<:::iveness and cost 
effectiveness. The experiment will be conducted with the 
cooperating airline and Pan 147 school during Phase Ill. 
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4.6 SUMMARY 

1bis chapter has described the ongoing research and 
development rdared to the applicacion of advanced tech
nologytoair=fi:maintenancetraining. Theresearchhas 
char..aerized current use of advanced technology fur 
maintenance personnel. Subsequent ph..ses of the re
search will design, d""ciop, and evaluate an intelligent 
tutoring system for ai=fi: maintenance training. 

Training humans to learn new skills and to maintain 
rurrentskillsandknowledgeiscriticaltothesafeoperation 
and maintenance of manul2cturing, power production, 
and transpona...;on systems. As the U.S. labor furce 
cha_nges, the criticality of such training becomes even 
more eminent. Intelligent tutoring systems, combined 
with human technical instructors, ofter a cost-effective, 
reasonable alternative that C!Il impact training immedi
ately and into the future. 
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Job Performance Aids 

Chapter Fm: 

Job Perfunnance Aids 

5.1 INlllODUCilON 

1bis research is designed to provide infOrmation that will 
enable maint=ce managets in government and indus
tty to more effi:ctivdy manage the intcgruion of technol
ogy into the work place. The information in this chapter 
will aid in :messing the capability of technologies and 
possible appH=ions. It will provide a bS to judge 
various approaches of implementing technology. The 
infOrmation will contribute to effOrts fur estimating the 
time, apense, and utilityoffiddingJob Per!OrmanceAids 
(JPAs) and technology in maintenance operations. Prin
cipally, the infOrmation will hdp determine the return 
thatcanbeexpeaedfromonir.vestmentintechnology. A 
primary fOcus is on devdoping approaches rortechnology 
implementation that complement human cap®ilities. 
This is aa:ompiished through res=ch in two arc!S. 

TheEmareaseeksacommercial maintenancepetspective 
of t.lte issues. The research investigates current approaches 
to computerization and job aiding in aircraft mainte
nan= 1bis includes a review of the relative levd of 
automation at major airlines. The structure of completed 
systemsisobservedandworkrorcereactionstotbesystems 
are determined. Trends are identified. The needs of the 
maintenance technician are assessed, and an overall un
demanding of the maintenance process is acquired. 

The second area fOcuses on technologies. A survey was 
conducted to determine the cap®ility of existing JPA 
systems. The state-of-the-art in computeiS and related 
technologies are a=ed. The romplerity and pragmatic 

ronsiderations of designing databases, expert systems, and 
romputer user interfaces are evaluated through experi
ments. Current approaches to system int=tion are 
identified. Expen assessments were obtained on the 
capabilities and limitations of various technological ap
proaches. 

5.2 PROBLEM DEFINITION 

ResearchonAdV21lcedTechnologyJobPerformanceAids 
is included in a human factors research program in 
response to the roncem that humans will not be able to 
meet the growing challenges of aircrafi: maintenance 
without the proper application of technology. The word 
"t:dmology" is used broadly in this repon to identifY the 
tools available in science and engineering that may be 
applied to aviation maintenan= The growing challenges 
in rommercial aviation maintenancearewdl documented 
(Parker and Shepherd, 1989, 1990 a. and h.). The chal
lenges include aging aircraft, retiring work fOrce, increos
ingmaintenancecapa.cityrequirements, increasing aircraft 
romplerity, increasing fleet diveiSity and size, diminish
ing pool of new technicians, and limited financial 
resources. 

Table 5.2 summarizes the researcher's understanding of 
the problem that originally motivated r.'>e research. Tab!~ 
5.3istberesearcher'sunderstandingoftheproblematthe 
completion ofPhase I research. 

If technology is to be used to meet new challenges it must 
complement existing human resources. Motivation to 
introduce technology might come from any of the areas 

Summary of Research Objectives 
Rank Descl'lpllon 

1. Pro!l'.de information to enable informed decisions on the infergration of humans 
and technology. 

2. Provide information to increase the understanding of the capabilities and 
lim~ations of technology. 

3. Provide information that wiD stimulate thought and awareness of avenues for 
increasing human performance through Human Factors considerations. 

Table 5.1 Sm..trully of Research Objectives 
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described in Table 5.2. The relationship of technology 
and humans must be carefully planned. 

The procas ofimplementingJob PerfOrmance Aids is not 
straight-forward. It has proven diflirult to predict the 
duration and costs of development. Development re
quires complete communication berween the application 
experts (evenrual users) and the system developers (who 
know what r«hnology can do). This dose working 
relationship is difficult due to the disparate backgrounds 
and languages of the two groups. The development 
procas is a long series of trade-offi berween reducing 
fimccionality to make development more feasible and 
adding fimcrionalityto makethesystem more useful. The 
final system is the system developer's interpretation of user 
needs, tempered by what is feasible. 

Some )PAs are already in place, such as built-in test 
equipment (BITE). The fielding of these technologies is 
on-going, but guiddines that work in many environments 
are unsuca:ssful in aviation. For example, initial BITE 
systems fielded by Airbus had accuracy levels in the range 
of90%. In the perspective of the design team this is a very 
successful system, but to a maintenance technician this 
was a very frustrating system. Rep:i!:s and component 
replacement in aviation are almost universally time con
suming, so even one misguided recommendation in ten 
can waste an entire shift with some frequency. The BITE 
systems are improving and are now generally accepted as 
useful took, but their implementation took time and 
considerable resources. 

initial Motivation for Research 
Rank Description 

1. Technology is needed to help humans cope with growing challenges. 

2. Technology is needed to overcome the potential for human error. 

3. Technology is needed to overcome hum<m limitations. Q.e. accuracy) 

4. Technology can make maintenance operations more efficient. 

5. Maintenance Technology should keep pace with a~craft technology. 

Table 5.2 Initial Undcntanding of the Problem 

Final Motivation for Research 
Rank Description 

1. Avenues for achieving peak human performance are under ublized. 

2. Implementing technology is more complex and expensive !han accepted 

3. The human factors ol achieving user acceptance are not will understood 

4. The human factors of system development (i.e. Developer/User communication are not 

well understood 

Table 5.3 Understanding of the Problem at the End of the Phase l Rl:search 
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5.2.1 Computerization 

The trend toward increased automation chrough comput
erization is well under way. Computers are alrcrdy de
ployed in moor of the" deterministic" tasks of maintenance 
operations such as tracking, scheduling, budgeting, and 
status reporting. Starting with mainframes in tlte 70's, 
moot major airlines are now working on their second or 
third generation systems. While the mark ofcomputets on 
maintenance operations is apparent and permanent, the 
implementation of the systems has not always been wdl 
received and their coot effectiveness is not always dear. 
Aviation maintenance is not necessarily an ideal applica
tion forcomputets, butduringthe80's, as operations grew 
in complexity, computers seemed to be a solution for 
many problems. Computets in aviation maintenance 
usually achieved functional requirements, but sometimes 
f.Uled to live up to the expectations of the user. This was 
due in part to the difficulty of fidding new technologies, 
and in part to the user's difficulty in specifYing needs 
clearly. All involved are now sensitized to the criticality of 
assessing the user's needs, bur iris nor dear how rhis can be 
achieved satis!actorily. In any case, there is much more 
awareness of the difficulty of achieving objectives when 
humans are an integral part of the system (which is almost 
always the case.) 

Computers solved some problems and created some new 
ones. Many difficulties had to be overcome to fit existing 
approaches to the nature of computer solutions. For 
example, many problems arose from the computer's affin
ity for numbers and the human affinity for symbols. Early 
on, technical considerations dominated and parts num
bering, for example, became driven by computer require
ments rather than maintenance requirements. One airline 
repon..i an air-rum-back when similar {but non-inter
changeable) parts with like numbers were interchanged. 
This example and othets highlight why the enthusiasm im 
computers diminished as workers lost control to the 
demands of the computer system. 

Implementation of technology is an expensive, and to 

some extent experimental (trial and error) process. The 
Department of Defense expends enormous resources to 
bring ideas from concept to reality. Airlines rardy have the 
resources to carry out the same process. Maintenance 
operations are f.tced with mostly fixed expenses such as 
f..cilities, spares, and labor. Labor is not entirely fiXed, but 
nearly so, given union agreements and the disruptions 
caused by layoffi. The volatility of repairs required in the 
fleer during any year are nor reflected in the flexibility of 
annual budgets underwhich maintenance managers work. 
Financial resources are focused on the many expenditures 
encountered in maintenance, for example, in the proces; 
of swapping out or replacing parts in the aircrafi. As a 
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result, a very low percentage of the budget, if any. is 
av-..ilable for computeriz:nion. 

Computers will continue to beco:ne more adept at per
forming existing tasks, but the remaining avenues for 
computerization are more challenging. For example, 
communication of maintenance information is a central 
concern for every maintenanceworker. Some technicians 
reponed spending as much as 75% oftheirtimeohtaining 
the information needed to perform their duties. The 
problem is that r.his information is difficult to quantify. lr 
is not simply a matter ofhaving technical manuals avail
able on-line. Subtle information such as the f..ct that a 
battery needs charging can make the difli:rence between a 
successful engine run up or a wasted shifi. Aircraft 
maintenance depends on a large number of interdepen
dent events. The resulting complexity challenges the 
humans involved, and makes the process of computeriza
tion arduous. 

5.2.2 Human Error 

At the technician level there are consistent calls to auto
mate dements of maintenance programs which are prone 
to huma.-. error. The heavy ciemands placed on inspectors 
to detect structural problems with aging aircraft motivate 
the pursuit of new Non-Destructive Inspection (NOD 
equipment. The National T ransportarion Safety Board 
accident report on the Sioux City accident contains the 
following recommendation (NTSB, 1990): 

"Intensify research in the nondestructive inspection fidd 
to identify emerging technologies that can serve to sim
plify, automate, or otherwise improve the reliability of the 
inspection process." 

5.2.3 Human limitations 

Labor costs are a common concern of manager>; thus the 
idea of tirdess, efficient, and precise robots is appealing. 
]PAs are sought to overcome human limitations of atten
tion span, endurance, and accuracy. This propensity is 
also motivated by the expectation that there will not be 
enough technicians available in the future, and rl)e ones 
that are available will have difficultyworkingwith increas
ingly complex aircraft. 

5.2.4 Maintenance 2020 

In the 40's and so·, it was likely that theaircrafi mechanic 
was familiar with most aircrafi systems, with the possible 
exception of the radio equipment. Today, only the most 
experienced aircrafi technicians are f.uni!iarwirh a major
ity of the systems, and radio has been joined by a growing 
s~ of ;.wionics equipment. The complexity of aircraft 
maintenance is expected tocontinueto increase. It is Iikdy 
that computers and technologywill play a larger role in the 
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maintenance effort, but what are the <:haracteristics of the 
role? How large will the role be, which technologies will be 
used,andwhcnwilltheybeused? Ifthesequestionscould 
be answered, many talse starts and considerable wasted 
effurt could be prevented. Integration of technology is a 
long p~; and planning must be accomplished ye:us in 
advance. The maintenance process has little margin for 
trial and error, and rew resouro:s are available to st.ppo!!: 
extensive experimentation. Technology changes so rap
idly that it ofi:en seems a new approach is obsolete as soon 
as it is successfully fielded. There may never come a rime 
when maintenance programs or technology will arrive at 
a steady state. While it is not possible to see the future in 
a ctystal ball, a great deal can be learned from pasr 
experience. 

5.2.5 Technology 

Technology has a lure ofits own. Emerging technological 
capabilities seem to have "potential" to improve neady 
everything. Pressure for change often romes from the 
promises of"technologists", eager to find applications for 
their inventions. It seems natural that as aircraft become 
more sophisticated, maintenance should follow. How
ever, bias towattl new technology should be tempered by 
a careful assessment of user needs. DesigneiS are usually 
able to fidd hardware and software that works function
ally, but compatibility with humans is more dusive. 

Clearly "manual" methods are not sufficient forever. For 
example, technical documentation on aircraft systems has 
grown exponentially and a typical narrow body aircraft 
nowarrivcswith 17,000pagesofdocumentation. Airlines 
usually maintain several different types of aircraft and 
must use unique procedures for each. A number of 
technological solutions are available to make the informa
tion more accessible, but more work is needed to facilitate 
the assimilation of the information. The point is that 
finding a technological solution does not replace the need 
for careful consideration ofhuman factoiS. 

5.3 METHODOLOGY 

The research sought to obtain a rapid high levd under
standing of the issues. The prim:uy task was to assess the 
implications of lidding technology to aid commercial 
aircrafi maintenance. The information rontained in this 
chapter is targeted for a reader who has considerable 
knowledge of aircraft maintenance, limited knowledge of 
computers and technology, and very little lmowledge of 
Human FaaoiS. 

5.3.1 Aviation Maintenance Assessment 

The research sought a fiiSt hand understanding of the 
challenges fucing the aviation maintenance community 
and the current approaches for utilizing technology to 

meet those challenges. Basically. this knowledge is ob
tained from several sources: 

Aviation maintenance managers 

Aviation maintenance technicians 

Maintenance computerization specialists (MIS or 
DP) 

Aviation maintenance industry representatives 

F M manageiS responsible for aviation mainte
nance 

Aircrafi manufacturer representatives 

5.3.1.1 Participation in Indmtty Forums 

Participation in numerous industry forums from confer
ences to high level briefings provided access to most of the 
individuals listed above. Information was collected through 
informal unstruaured interviews and discussions, as well 
as, through observation. The research objectives and 
approach were presented on theseor..casions, a.:td feedback 
was used to focus and direa the effort. 

5.3.1.2 Site VISits 

Site visits lasting from several hoUIS ro one week were 
utilized to collect information on fucilities, develop an 
understanding of the overall maintenance process, and to 
further talk with the individuals listed above. Information 
was collected through informal interviews and observa
tion. When possible, the researchers participated on an 
non-interference basis in the normal conduct of aircraft 
maintenance. Technicians explained what they were do
ing as they performed their duties. All shifts of operation 
were observed. Training classes and morning manage
ment briefings were observed. The =rcheiS reviewed 
documenution anc. procedures utilized in each aircraft 
maintenana:organizaticn. TheQualiryControl Depart
ment was normally the host, but time was spent with a 
cross-section of the maintenance organization. The re
search objectives and approach were always presented to 
verifY that the results would be useful to the maintenance 
community. 

5.3.2 Technology Assessment 

5.3.2.1 Survey 

AsurveyofexistingJPAsystems was conducted. A narrow 
definition of JPA was utilized, since there are existing 
sources of information on tooling. ATE, fixtures, and 
non-<lestructive inspection equipment. The focus of the 
JPA survey was <>n computer and microprocessor based 
systems utilized for information delivery, processing, or 
storage. In addition, a few applicable technologies, not yet 
incorporated in systems, were identified as part of the 

108 



survey. Systems and technologies developed outside of 
aviation were included if they demonstr.lted a technology 
not already used in aviation. The militaryW2S the primary 
sponsor. Each aircraft manuf.tcturer attd large airline, as 
well as several other major industrial companies, had at 
least onejPAindevdopment. The goal of the survey was 
not to find the system that would "revolutionize" aviatior: 
maintenano: (although, if we had found one, it would 
have been included), but to assess the overall extent and 
charncteristic; of what is feasible and possible in Job 
Aiding. The systems were identified through database 
searches and the information was supplemented by con
tacting the developers. In addition, some systems were 
identified through site visits or at induruy forums. 

5.3.2.2 Technology Research 
Research was conducted to assess the capabilities and 
limitations of the technologies that are most olien pro
posed for implementation in aviation maintenano:opera
tions. Principally thio> effort fOcused on the application of 
computer technologies. Artificial intelligence and expert 
systems were given particular emphasis. Se.'et31 "new" 
technologies were investigated in computer displays, mi
croprocessors, storage, and input/output devia:s. 

5.3.2.3 Experiments 

Limited experiments were conducted to evaluate the 
pragmatic considerations involved in developing expert 
systems, databases, and computer user interf.tces. The 
experiment in interfaces was principallysofiwaredevelop
ment task, but emerging technologies in the processor, 
packaging. and dio;playwere also tested. Databasetechnol
ogywasusedtoorganizethefindingsfiomtheJPAsurvey, 
and a small e;cpert system was developed with a commer
cial expert system development package. 

5.4 FINDINGS 

5.4.1 Ova-view 

The findings are divided into three categories: 

Technological contributions 

Technological obstacles 

Implementation guidance 

Aworkingknowledgeofeachio>neededtomakesuccessful 
decisions about applying new technologies in aviation 
maintenance. The findings apply to the industry, in 
general, but the reader can assess whether it io; applies in 
their situation. The owrall theme of the findings is the 
importance c.f a realistic assessment of the capabilities of 
technology. The section characterizes the present capabili
ties of technology and the likely capability of technology 
over the next ten yeaiS. The scope is limited to ten years, 
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since predictions be~· ond ten years are highly speculative. 
lnanycase,fewmaintenanceman"{!:ers=taffordtomake 
decisions based on a theoretical potential 15 years in the 
future. Lessons learned from implementing techaology 
over the last decade are documented throughout this 
section. 

5.4.2 Technological Conuibuti.om 

5.4.2.1 Automation in Aviation M.tinte:lallCe 

For a majority of the industry, maintenance automation 
means computerized maintenance information systems. 
Virtually all maintenance organizations have systems in 
plao: or antic''>ate implementing systems in the near 
future. InfOrmation systems provide indirect support of 
maintenance, but computer.; are also directly involved in 
maintenano: in automatic test equipment or diagnostic 
support systems. Thelatterare covered in the next section 
on tech."lologies. 

The amount ofin!Ormation maintained on each aircrafo: 
has grown exponentially, but the basic structure of the 
paper methods are intact in today's information systems. 
Thio> was necessary to ease the transition from manual 
methods and avoid extensive retraining. Most airlines 
developed maintenance infOrmation systems internally 
becauseeachhaduniquemaintenanceprograms. Even so, 
problems surfaced because computer applications were 
rarely able to do everything the same as manual methods 
ar:dlacked flexibility. Further, it proved difficult to predict 
the magnitude cf effort needed to develop systems or 
insure user acceptano:. 

Mostmaintenano:operationsnowusecomputer.;totrack 
parts and aircrafi scttus, and more organizations are 
moving computer.; into forecasting and other decision 
aiding functions. Systems are justified based on premises 
to incteaseaircrafi, engine, and component availability, or 
enable more production with existing resoura:s. How
ever, manager.; reported that unless an aircraft fleet was 
growing, labor savings in production were usually of!Set 
by increases in planning, production control, materia!, 
and data processing. The intensity of computerization 
efforts has slowed somewhat; only the largest (and profit
able) airlines have data processing departments actively 
developing major new sysrems. All airlines continue to 
absorb and become accustomed to existing systems. 

5.4.2.1.1 Why Automate? 

The growth that airlines experienced in the post deregu
lation era provided motivation for most automation 
ef!Orts. Taskssuchasaircraftroutingbecametoocumber
some as fleer size increased. Computerization offered. 
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increased copacity, f3:.1:er turnaround without the nero to 
develop an entirely new approach. Tangible and intan
gible benefits are ad:t;;:ved with automation. The intan
gible benefits out number the tangible ones. 

The intangible benefits were often promoted as more 
important than the tangible benefits. The infOrmation 
neroed by management tostrearnlineoperations is mostly 
intangible. Automatior. systems provide many more av
enues than manual systems for traeking the technical 
performance of the organization. Managewcnt !!=Is this 
inf:mnation to recognize problems before they become 
critical. Automation systems make it easier tc identifY 
trends. The result is a more accurate control of resources 
and the efficiencies achieved can lead to increased main
tenance capacity. 

Cost control was frequently given as a reason for imp!~ 
menting automation systems. The computerization en
ables f..ster customer billing and closer tracking of costs. 
Detailed histories of existing costs improve forecasting 
and planning. In addition, comprehensive reliability 
infOrmation enables prompt acknowledgment of perfor
mance difficulties. The ef!ectiveness of individual man
agement decisions can be determined more readily with 
the additional information provided by the automation 
systems. 

Tangible benefits are primarily found in increased aircrafi: 
(or engine or component) availability and additional 
capacity. The information from maintenance automa
tion systems provides efficiencia that reduce turnaround 
times. Reduced turnaround time leads to increased 
aircraft revenue hours, fewer labor and material dolla." for 
each service, and shorter AOG's. The information pro
cessingcapabiiityofthesysternsaugmem condition moni
toringandenablemoreefficientstOCkingofspares. Stricter 
control ofinventory and resulting efficiencies can lead to 
savings. 

A couple ofbenefits that were sighted in the early years of 
automation never became reality. One area is manpower 
saving. as mentioned earlier. The other was the goal of" 
"paperless" s-pem. There are a number of reasons fur this 
fuilure including the fact that humans prefer to read hard 
copies and that computer information is uptlated so 
frequently. Combining these with the proliferation of 
copy machines and a visit to most maintenance fucilities 
demonstrates that the goal of a "paperless" system has not 
been achieved. 

5.4.2.1.2 

Computers are involved in most aspects of information 
management for maintenance, enginec:rin~ and materi
als. Airlines incrementally developed their systems over a 
number of years. Functionality and enhancements were 

added toacore""i'abiliry. Thedifficulti"" not withstand
ing. the pre:urnption is that each new piece or type of 
information added provides a more accurate and com
pletepictureofthe maintenance operation. As an example 
of the complexity involved, consider service scheduling. 
Scheduling depends on multiple constraints and has 
many ramifications. The service schedule has implica
tions for labor, facilities, and materiais xquirements. The 
objective is to make efficient use of the first two and 
minimize the last elernenL In any case, in order to ensure 
all are available in sufficient quantity (and not in excess 
quantity) the service schedule must be carefully planned. 
The schedule is based on forecasts of expected demand. 
The unscheduled service requirements are anticipated 
from reliability information and the time condition of the 
aircraft. Rotablexquirements, modification requirements, 
and deferred work all figure into the equation. The 
schedule requirements are meshed with resource availabil
ity to determine aircrafi: arrival and work scheduling. 

Planning might utilize the computer for mainraining 
aircraft maintenance history, development of work pack
ages, and work card generation. In addition, phmners 
nero ac.:ess to service fOrecasting. service scheduling. and 
aircraft routing information. Computer support of work 
cards is increasingly common. Most organizations have 
computerized work card indexes and somesysrems gener
ate the cards on demand. 

Othertha.'l tracking parts, status information is one of the 
most widely implemented functions and represents a 
significant level of complexiry on its own. The hours ar1d 
cycles of every aircrafi: in the inventory must be known fur 
tracking time limited parts a.'ld complying with regula
tions. The configuration of each aircraft is tracked for 
modifications and component serial numbers. Mainte
nance status includes pilot reports, discrepancies. defer
rals.andhistory. Information necessarytosupponwarranty 
dairr.s is maintained, such as manufucrurers require
ments, time tracking, and flight history. Aircraft modifi
cations might be tracked separately fur the fleet, aircraft, 
and individual components. 

Varying degrees of reliability information can be main
tained on the fleet. A delay snmma.;y might be reviewod 
daily, where each delay is charged to a specific area of the 
airline or maintenance depanment. Unscheduled re
moval rate can be tracked ro identifjr trends, perhaps from 
shop information. The management of materials and 
purchasing can be similarly informativn intensive, and 
there aresever.al types ofinformation ofimerest to manage 
rotables. 
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5.4.2.2 Industry Computermttion 

V muallyall majorrnaintenanceOigan~tions utilizesome 
furm of computerized management infOrmation system. 
Relatively rew utilize computer based job aiding systems 
for the tt:ehnicians, other than uackingpans or automatic 
test equipment. Most of the systems were developed 
internally, although the current trend is to use outside 
consultants and off-the-shelf '"'fiware. Some airlines are 
marketing their infOrmation systems to other mainte
nance org;nizations. It is diffirulr to gauge the cost 

benefits of the current generation of systems, but few 
consider it possible to go back to the old manual methods. 

The following describes the levd of automation at several 
airlines: 

Air Canada has several types of mainframes, 
including Honeywe:l, IBM, and Unisys. They 
utilizenetworkedHPandWangmini-comput
etS, aswdl as Pes. Most information utilized by 
management is maintained using the comput
m. 

AlasicaAidinesuses an Amdahl mainframe that 
is Iletworked to the maintenance base. The 
system tracks aircraft and component history. 
Macimoshes are available fur management re
porting and other applications. 

American Airlines has many management ac
tivities automated and is currently studying a 
major new automation plan. 

America West uses a Unisys mainframe run
ningsofiwared.,..dopedintemally. Thesystern 
perfOrms traCking funaions and supports plan
ning. 

British Airways h,,. IBM mainframes handling 
all management information proassing and 
storage requirements. 

KIM usesse;-eral computerized systems. One is 
called CROCOS (computerized rotables ccn
rrol system)andanotheriscalledCOM
PASS(computerizedmarerialprocurementand 
supply system.) 

Northwest Airlines has an extensive automa
tion system called SCEPTRE. It runs on IBM 
main&ames and was developed internally. The 
system addresses most management infOrma
tion needs, and is still growing. 

Pan Am uses a system developed internally 
calledAMIS (aircraft maintenance information 
system.) This is also a mainframe based system 
and perfOrms functions such as maintenance 
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sdleduling, technical services, and retrieval of 
maintenance items. 

1W A has applications running on an IBM 
3090 mainframe to track aircraft srarus, main
tenance requirements, and suppon reliabil
iry analysis. Capability has been added to track 
pans and labor using bar code technology. 

United Airlines is on<' of the rew airlines with a 
separate depanment devoted to developing 
maintenance automation systems. They review 
proposals rereived from vendors and develop 
systems in-house. 

USAirusesasystemdevdopedinternallycalled 
MERIJN. It is an integrated set of applications 
running on a IBM 3090 mainframe. Some of 
the derails of this extensive system are included 
as :1 part of the JPA survey in the Appendix. 
Modules have been developed to perfOrm nu
merous funaions such as tracking mainte
nanceaaiviry,discrepancies,componenttimes, 
andpreparingrepairshopsdledules. USAiralso 
has a robot controlled pans warehouse system. 

5.4.2.3 JPASuney 

A survey of job perfOrmance aids was conduaed to assess 
the application of technology in aviation maintenance 
over the last ten y=. The focus was on computer or 
microprocessor based systems used to process. store, or 
deliver information to the maintenance technicicm. The 
systems currently in use in commercial maintena-nce tend 
tobetheinformationsysternsdiscussedabove. TI"'survey 
roncentrared on novd approaches to analysis, diagnosis, 
decision and job aiding, although a sample of other 
applications are included. Brief descriptions are included 
in theappendix,andasummary is included in the Chapter 
Appendix. In the inn:testofconservingspace. the descrip
tion of some systems is not included. 

The survey was comprehensive, but some proprietary 
systems or recently announced systems might have been 
missed. In any case, the sample gives an overall sense of 
trends, typical applications, and the envelope of system 
capability. The findings demonstrated that application of 
technologies to aircraft maintenance is still an experimen
ralprocess. Mostofthesystemsidentifieddidnotsurvive 
beyondfeasibilitystudiesandprototyping. Activesystems 
tended to be in the development cycle, and few systems 
were integrated into the day-t<Kiay maintenance process. 
The long term impact of JP As is unknown, but rew 
experienced sponsors demonstrated eagerness to develop 
more systems or implement existing systems in critical 
applications. 
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It is difficultto generalize, but there seemed to be a I 5 year 
lag between the time when an application is technologi
cally feasible and when it is ref;.ned to the point of being 
cost effective. The process of implementing technology is 
a long term effort, and for now, except for a few specific 
applicarions (i.e .• engines, avionics), there is little evidence 
that the ]P & have had a major impact on the way aircraft 
maintenance is accomplished. In some cases, sponsors 
were withholding judgement ur.til the completion of 
development. None-the-less,thereareafew,uccessstories 
and many lessons to be l<arnoo from past efforts. 

Sixty percent of the systems icientified were sponsoroo by 
the military, with the Air Force being the dominant 
sponsor. The remaining 40% were dividoo between 
ccmmercial aviation and other rommercial industries. 
Each of the aircraft manufuctuters had at least one system 
in development, although often through their military 
divisions. Manyai<linesdeve\oped maintenance informa
tion systemS internally, but only a few airlines were major 
players in JPA development. The dominant applications 
were systems that supported on-condition maintenance 
of aircraft engines. 

Engines area particularly good application, because main
tenance involves collection and analysis of a !or of data. 
The analysis reqtJ.irr,; expertise, but can be computerized 
sh,"'it involves identifymguends in the data. Computers 
are particularly adept at reviewing vast quanrities of 
munbers and comparing them to limits. 

The recent generation of aircraft incorporates built-in test 
(BIT) for a.,;.onics. The early sy.;terns tendoo to generate 
numerous f.dse alarms, but acauacy has increased over 
time. BIT seems to be here to sta} since there are few 
alternatives given the growing complexity of avionics. 

Thirtypercentofthesystemswereusedforfaultdiagnosis. 
Forty five percent of the systems were management 
infOrmation systems, 45% were used dire::tly to aupport 
maintenance, and the rest were used fur analjiSis. Some 
novel applications were identifioo. Several organizations 
are working on systems that have an imbtxidoo self repair 
capability. One involves use of an expert system to 
reconfigure aircraft aerodynamics in the event qf ;,ystem 
failure or battle damage. A handful of efforts are tracking 
trend data on structures to anticipate maintenance needs, 
similar to what is already done for engines. The analysis 
involves reviewing the trends in vibration data collectoo 
from sensors. For example, the VSLED (vibration, struc
tural life, and engine diagnostic) sysrem developed for the 
V-22 tilt-rotor aircraft monitors data and generates re
ports that specify needed maintenance actions. Several 
voice recognition systems have been developed that could 
be used for data entry by inspector.;. A product recendy 
marketed by Lanier Voice Products receives voice inputs 

and automatically generates reports. Another application 
an<!)yzes samples of engine lubricants taken at regubr 
intervals. The levels of oxidation, sludge, viscosity, fuel 
dilution, dirt, glycol, water, and wear metals are recorded 
and tracked to prtxiict when maintenance will be need <Xi. 

Forty percent of the systems identifioo incorporattxi ex· 
pert system technology, 15% were portable and ail usoo 
state-of-the-art ha.-dware technology. Several neW tech
nologies made their debut in recel't years. Fuzzy Logic is 
an approach to logic that incorporates characteristics of 
imprecisereasoning. Ratherthanbeingonly"on"or"ofi", 
the Fuzzy methodology permits degrees of" on" or "off". 
This approach is used withsomesuc=sto model human 
reasoning processes. It is a popular approach in Asia, but 
has not caught on in the Unitoo States. One technology 
that is receiving increasing attention is Virtual Reality 
(YR). VR combines three-dimensional graphics with 
sensors attachoo to the user to create an artificial euviron
ment. The sensors detect movement and modifY the 
three-dimensional display accordingly. For example, the 
user wearing a set of goggles with miniature dispbys can 
walk through an environment created by the computer. 
The systems have potential to be the simulators of the 
futute.CD-ROMhasreceivooagreatdealofpress,butthe 
technology has not been widely implementoo It has very 
large infOrmation storage capabilities, but requires expen
sive hard>vare to store and retrieve the data. It reduces 
duplicationc:>sts,butitisnotanymoreflooblethanpaper 
and humans are uncomfortable reading information from 
computer screens. 

Several systems were portable, but portability did not 
appear to be as importa'lt as might be expectoo. It seems 
fur the type of applications that :rre needed, it is not a 
problem to go to a terminal and get a hard copy. Portabil
ity is only a factor if each technician is given their own 
system, not a likely event, given rurrem hardware and 
sofrwarecosts. i':ven "dumb" tenninals arecurrendytoo 
expensive to give one to everybody. 

The principal criterion that separated the successful sys
temsfromotherswastheutilitytotheuser. Thesue<.essful 
systems are typically in applications where there is no 
alternative, such as engine monitoring or avionics testing. 
Overall, the most ambitious systems tend <Xi to get into d1e 
.nost trouble, unless the developerw-..s very persiscent and 
well funded. The systems developed by the automobile 
manufucturers, were well funded and had persistent devel
opers, but srill received slow acceptance until a ma.'lual 
mode was added. Further, it i< vert difficult to estimate 
development costs unless the application is very specific 
and the requirements are rigid. There is a tendency to 
make the system gener.U in nature to spread the develof>
ment costs across as many users as possible, but this 
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inevirnbly lead to f.illure. The systems th:ll targeted a very 
specific problem with aclearset of requirements f.ual be.t. 

The road blocks to system development are establishing 
clear user require!T!ents, software productivity, and the 
input/output required. Software is the principal expense 
in these systems and softwarede;•dopment has been along 
and arduous process. Several enhancements in software 
technology are beginning to address the: problem. Com
puter Aided Software Engineering (CASE) toob are be
coming more powerfuL Object oriented programming is 
being implemented to facilitate the reuse of software. 
Authoring systems have the potential to enable: users to 
develop their own systems. Currently, devdoping an 
application "equires the developer to become an expen in 
the domain. Developing authoring systems is a major 
undenaking and no one has developed aJPA authoring 
system yet. Progress is being made in the 1/0 area in terms 
of graphical user interfaces, voice recognition, and com
putervision. However, it will be sometime (more than 10 
yean;) beforo :nformation <:an be communicated between 
humans anC. computers as rapidly as between humans. 

5.4.3 Technological Obstacles 

5.4.3.1 Technologies 

The question might be asked, "What does technology 
havetodowithhumanf.tctms?" Theansweristhreefold. 
First, technology (especially "new" technology) is ofi:en 
sold as a solution fur human factors problems. Seconc!ly, 
obse:-vation shows that one of the greatest challenges of 
implementing rechnology is the human fuctors ch?.!lcnge 
inachievingthenecessarycommunication betwee.1 devd
opersandusers. Lastly,allsystemsultimatdyint'A-aawith 
humans on some level and are must be: ·..ddressc:d to 
human system interf.tces. 

Technology is a tool for developing systems that facilitate 
aircrafi: maintenance, but in itsdf does not solve any 
problems. For example, artificial intelligence is a tool fur 
software development, but it is not a maintenance auto
mation system. Nc:w technologies ared~:Veloped at a rnpid 
pace, and, in the fc:rvorto find applications fortedmo:ogy, 
realism tends to be a casualty. T echnologic:s ar: always 
• emerging", and industry ofi:en buys the "latest" technol
ogy. Thisaspectoftheresearchseekstodiffusethisin&.vor 
of a more pragmatic assessment of the role of techi1ology. 
Importantly, these findings are abse.-.t the scic:smanship 
that ofi:en accompanies discussions of technology, as the 
researchers have no stake in any particular technolog;·. A 
central effim in the research involved ass.ossing the contri
bution already made. Comparison of past expectations 
and actu:tl contributions provide; insight inro furore 
contributions. 

Job Performance Aids 

The Automated Intelligent Maintenance System (AIMS) 
is a typical c:xarnplcthat illustrates the plight of many JP As. 
AIMS was designed as a job aid for Army truck mainte
nance. It featured expert system and voice recognition 
technology, along with a computer screen that displayed 
schematic diagrams and installation drawings. It was 
wireless and packaged in a large briefcase. In addition to 
deliveringtedmical maintenance information, AIMS was 
designed to track maimenan;:e records, order parts, con
trol inventory, maintain schedules, and support training. 
Over a million dollars went into development and a 
working prototype was lidded. However, the effort was 
ended when technicians were relue'".ant to use the proto
type and the cost ofupdatingthedarabasewas recognized. 
The system simply did not have the utility the technicians 
needed. 

While not typical, the Air Force's Integrated Mainte
nance Informatinn System (IMIS) serves as a model of 
how Job Performance Aid development efforts should 
proceed. ltalsogivesasenseofthemagnirudeoftheeffort 
and perseverance needed to successfully implement a JPA 
Table 5.4 identifies the time fi:ame involved. !MIS is 
designed to be a single source of mformation for Air Force 
technicians. Technical data, diagnostics, training, histori
cal data, and maintenance management infOrmation nor
mally obtainal from diverse sources is integrated by !MIS. 
IMIShas:n.interfacefortheaircrafi:maintenancedatabus 
and can process information from BITE. The aircrafi: is 
identified through the interface and !MIS automatically 
provides aircrafi: specific information. In addition, !MIS 
has data entry capability and helps to generate necessary 
reports. IMIS was initiated by a concept paper in 1979 
and a full up system demoru.uation is expected in 1993. 
Constant attention to the user, from assessing n=ls to 
finalacceptance.isidentifiedasthecharacteristicthatleads 
this program to be: more su=ful than others. It has 
proceeded in a phased manner from cona:ptdevelopment 
using off-the-s.'telf hardv;:are to field tests using custom 
hardware. The program has continually evaluated and 
enhanced t.lteman-machine interf.tcc. The !MIS program 
isworkingol'acompletesetofspecificationsthatcouldbe 
adapted by others with similar ohj=;ves. The lessons 
learned by the Air Force during the development oflM!S 
can be: utilized by the commercial industry. However, 
commercia! and military approaches to m:Lnten:mce are 
n()[ the same, and !MIS technology may not transfer 
direcdy to commercial maintenance. 

Clearly maontenance will be diffi:rentin thiny yean; and 
anything is possible, but the survey d"mo!'srrated that, fOr 
at least the nocr ten years, there is little L'Vidence t.l,at 
technician job performance aids will bo widely used ;, 
commercial aviation maintenance. 111e research reveals 
twelve reasons for this conclusion: 
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1) 

2) 

3) 

4) 

5) 
6) 

7) 

8) 

9) 

The Depa..'"tment of Defense is not planning to 
field systems until the middle of the decade. 
Commercial mainrenanceapplicationsarearleast 
five ye= behind tfie military in development. 

Development of the systems in the automobile 
industry took nearly a decade and the application 
is more well defined. User acceptance has im
proved. but the cost effectiveness of the automo
bile systems are not dear. 

Commercial aviation maintenance is performed 
by the users. Airlines and repair stations do not 
have the resources to undertake 'Tlojor develop
ment projects. Manufaaurers have resources but 
insufficient motivation since thc:y are not the 
primary maintainer of aircrali. Built-i., Test sys
tems are an exception and BIT will continue to be 
enhanced by manufucturers. 

Th~ per user cost of hardware stands at $3-5K 
Although iris somewhat a funaion of utility, the 
margins in maintenance operations are not likely 
to support systems for every technician until 
system costs are under $100 per user. Acceptable 
costs are somewhat more at the supervisor level, 
but not more than $1000 per supervisor. Expen
sive equipment is often purcha.<ed to comply 
with regulations, but there seems to be no reason 
to regulate the use ofJP As. 

Benefits ofJPJ'.s are primarily intangible. 

Experience shows that user acceptance is difficult 
to achieve. The reasons vary from poor Clan

machine intetface to a lack of utility. Contrary to 
conventional wisdom, distaste for technology 
was not a major reason for lack of userocceptance. 
Systell'.S that did nor fuciliwe the maintenance 
effurr were not supported. 

Hardware and software technologies advance so 
rapidly that fielded systems become obsoleteov':' 
a relatively short period of time. Once an organi
zation commits to using the systems, it is very 
&f!icult to avoid the expensive temptation to 
track technology changes. 

Maintenance operations are scill trying to inte
grateand justifYautomationsysterru: implemented 
in the last decade. There seems to oe little eager
ness to start a new phase. 

Therea.reatleastadozensysternsnowlookingfor 
oommercia! maintenance sponsorship, none have 
fuu~.done. 

10) 

11) 

12) 

Therurrentapproachtomaintenanceiswc-rking. 
As long as JP As are not mandated by regulation or 
warranted due to a lack of capacity or manpower, 
there is little reason ro try something new. 

The utility of the systems is not dear. The types 
ofinformation needed in maintenancearediverse 
and difficult t<> quantifY. In the time i< takes to 
enteraqueryintoacomputer,mostquestionscan 
be resolved by talking with an experienced co
worker. 

There are still enhancements poss;ble in aviation 
maintenance through more effective use of exist
ing resources, in particular human resources. 
Thus, there is little motivation to introduce new 
systems with new unknowns. 

A few applications did seem to have potential. One was 
the use of expert sy5tems tO document the knowlalge of 
experienced techniciar.s that are retiring. 11;= syst:rns 
can be feasible if they are done for very specific apphc;a
tions. There are also opportunities to field t~n~l~es 
that give technicians berter knowlalge of the bJg p>c
ture." Knowledge about the performance of the organiza
tion, priorities, successes, and anticipated workload does 
not :Uwa:ts reach the people who actually work on the 
aircraft. This information, which is already used by matl
agementto assess theov.,rall operation o~~emaintenance 
organization, would be useful to a rechn1aan on thdloor. 

5.4.3 '; Computers and Microprocessors 

The enthusiasm abot.t technological solutions to human 
fuaors_problerns revolves around the !?rowing capability 
of information processing technologies- The faa that 
computers are becoming more powerful, smaller, and less 
~ve is widely covered. Computer processing speed, 
often measured in millions of instructi'>ns per second 
(MIPS), has doubled every r.'lree ye= for over twenty 
years. The price of each MIPS fulls as more and more 
circuitry can be int<gr:Ued on asinglechip. The computer 
industiy, in a very short time, has become one of the lew 
trillion dollar industries that exist. It is safe to say the 
capabilities of computers will continue to increase, bur 
additional considerations are necessary before it can be 
concluded that avi:rrion maintena.nce needs more com
puters. 

A basic understanding ofbow computers operate is useful 
in assessing where they can be applied. While the pro=-
ing power of computers has increased many orders of 
magnitude, the architecture and the basic operation of 
computers has seen little change since 1946 when math
ematician John von Neumann proposed a "Logical De
sign of an ElccrronicComputingSystem". Heimroduced 
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Example Development Cycle 

Rank 
1 . 

2. 

Description 
Identification of need 

Feasibility study 

%Total Time 

3. 

4. 

5. 

6. 
7. 

Development plan and schedule 

Definition of user requirements 

Definition of user requirements 

Initial system development 

Small scale demonstration 

3% 

2% 

15% 

10% 

3% 

2% 

3% 8. 

9. 

Small scale test and evaluation 

Final system development 22% 
10. Installation 10% 

11. Final integration- making changes to obtain user acceptance 30% 

Note: Steps are in order, but are largely iterative 

Table 5.4 Development Tnne Frame for IMIS 

the concept of stored programs and an architectural 
structure that remains the basis of computers today. This 
architecture has some basic features: 

• Single M..:mory 

• sequentially addr=<rl 

• common storage of data and program 

• unidimensional 

• No hardware distinction between data and 
instruaions 

• No hardware meaning of data 

When von Neumann proposed his architecture, many 
hardware limitations shaped his decisions. These con
straints no longer exist, bur his architecture has persisted. 
There is considerable momentum building in the area of 
pa..--alld computing. but even this effort is based on parallel 
von Neumann architectures. The principal reason for the 
persistence of this architecture is the need for backward 
compatibility. In other words, the need for old programs 
to run on new computers. During any given generation 
of computers, there is a consid=ble investment in soft
ware. It is undesirable to lose this investment evert time 
a new computer is fielded. 

The reason fOr raising this issue is that a computer's 
architecturedrivesitsinherentfunctionalityandthtamount 
of software effort necessary to achieveotherfuncrions (i.e.. 
not processing speed). A primary characteristic of the von 

Neumarw architecture is its generality. All application 
characteri.<tics must be :;pecified in the sofiware. This is 
true no maner how many MIPS a particular generation of 
computers can claim. One example is the constraints 
related to memory allocation. Computer programs must 
explicitly account for all anticipated memory needs. If a 
description is going to be associated with partS in a pans 
tracking application, a field must be defined fur the 
description. The length of the field is fixed in thesofiware, 
for example, perhaps 20 characters. Once this is done, 20 
characters worth of memory will be allocated for <Nery 
description. Even if a pan has a short description, it will 
be stored with 20 characters worth of memory. If a part 
has a particularly !ong description (perhaps longc:r than 
anticipated during software design), its description still 
has to be limited to 20 characters. Additional flexibility 
couldbeachievedbyseningaside40charactersofmemory, 
but memory is expensive in terms of pudase price and 
slowing down processing rates. 

Even more importam than memory allocation is the 
processing limitations associated with the Von Neumann 
architecture. It is oficn noted that computers process 1 's 
and O's, bur wha; does this really mean? The l's and O's 
represent numbers in binary format (i.e.. 0101 is equiva
lent to 5). All of the processing done by the computer 
revolves around manipulating binary numbers. There are 
only a few ways in which numbers can be manipulated by 
computers. ] 'sand 0' scan be added together, compared, 
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decremented (or incremented), shifi:ed (lefi: m right), 
transferred and accessed from memory. Other aritlL'11etic 
or logical funaions can be ~chieved by adding sevel"3! 
flavors of memory and iEstfficrions for combi>~ing the 
basic operations. Using these basic functions, computer 
progr:uns can carry out an enormous variety of applica
tions. However, the point is thar cumputcrs only work 
with numbers, and there are inherent limitations to the 
non-numerical capabilities of computers. The numbers 
being manipulated might represent "numbers", but nor
mally they repr='lt vmous elements in the application. 
Computers do ncr inherently "know" anything except the 
meaning of numbers, as a result, everything else needs tc 
be explicicly predefined in the sofrware. For example, 
computers might represent an aircrafi: with the number 
378ls9 a.!1d a wing by 98843. If the application requires 
knowledge about the relationship of aircrafi: and a wing. 
this must be explicitly stated in the sofrware by other 
numbers. In contrast, the representatiofl of aircraft and 
wings utilized by huma.'1S inherently represents their 
relationships. Once a human understands the meaning of 
"air -rafi:", they inherently understand "~ngs. Therein lies 
r.l,e fundarnemal weakness of computers: everything and 
all relationships must be explicitly defined. This is not to 
say that a.U relationships cannot be defined, bur that dcing 
so is very ofi:en an enormou.• undertaking. 

The result is that iess expensive, more powerfu! computer 
hardware does not necessarilywarrant application of more 
compurers in aviation maintenance. The largest ra.;k 
involved in applying computers is indeperdent of process
ing speed. it is explicitly undc;:s:anding and documenting 
all of the information needed to accomplish the applica
tion. New techniques being are identified to facilitate this 
process. Standards are increasingly being est:<blished :o 
facilitate the reuse and portability of sofrware. Computer 
Aided Sofrware Engineering (CASE) tools are further 
increasing the produaiviry of progran1mers. Artificial 
Intelligence is an example of a sofrware technology that 
makes efforts to develop human reasoning applications 
more productive and well defined. Expert System and 
Database technologies also fall into the category of ap
proaches to make the sofrware process more produaive. 
None-the-less these technologies do not change the fun
damental need to define all application elements and 
relationships explicitly. 

Solutions based on wmputer technology must also ad
dress security, configuration, and the ilireat of computer 
vii"U.><!5. Passwords usually provide sufficient security, bui 
configuration can be a major challenge. Th<' primary issue 
is that, once a program is written and distributed to 
different locations, each location can make changes in the 
so &ware. The result is a variety of versions oh:he sofi:ware 
and some confusion. As a result, it is normally necessa.ry 

to have a config:Hation manager to tr:ock the integrity of 
the code. Computer viruses are more of an unknown. 
lbese are sofrware programs that ca.'1 sabotege applica
tions and stored informanon. Viruses are primarily a 
problem for computers that communicate with remote 
loc:otions, hut the possibility of oven or accidental con
tamination is alw"ys possible. Techniques aod expertis~ 
exist to address the:;e issues, bur a.ll of these issues represei.t 
adwtional considerations involved in computer applica
tions_ 

5.4.33 Artificial Intelligence 

Artificial Intelligence (AI) has achieved "b= word" 
status, and is frequendy advocated as the heart of automa
tion systems of the future. Although AI has not produced 
a machine that can think, the field has developed several 
new sofrware development techniques. Expert Systems 
are the most successful exan1pk of these techniques. TI,e 
aim of research in AI still i!ldudes thept:rSuir of machine 
intelligence, but forpr:>crical purposes, few believe this will 
be achieved any tin1e sooP.. AI does have some applica
dons in a;·iation maintenance, but it is important that 
these efforts are initiated without any illusions about 
mach;nes becoming intelligent. AI is warrant<.d if an 
application would benefit from "human-like" reascning. 
AI provides a structt!red methodology for incorporating 
this reasoning into programs. Remember, however, that 
ail elements and relationships must be specified, comput
ers do not have intuition. It is helpful to keep this in mind 
when assessing the feasibility of a particular o.aiviry. The 
more information (knowledge) necessary to carry out the 
application, the more complicated, time comuming. and 
expensive the project will be. This indades knowledge 
that seems obviou.< to humans, such as the relationship 
berween an airplane and a wi11g. Nothing is obvious to 
computers! 

The field of Artificial Intelligence has deve!oped struc
tured methodologies for Recomplishing several types of 
capabilities. There are techniques for voice recognition, 
speech understanding, computer vision, text unders=d
ing, robotics, and decision aiding. Researchers continucto 
work on automatic programming and learning. All have 
capabilities far short of humans and require major devel
opment effons. For the most part, it will remain economi
cal to utilize humans for applications that require human 
capabilities. 

5.4.3.4 Expert Systems 

Expert Systems now enjoy wide popularity. Expert 
Systems achieve intelligent func .. ionality in a straight 
forward manner. They are based on "if-then" rules. For 
example, "if me object is a 747, then it has wings". The 
hearr of expert systems are rules that address every relation-
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ship of interest in the application. While the roncept 
sounds simple, developing an effective approach to imple
menting these systems took ronsiderable timt:. 

The process is now fucilitated by the use of software 
packages called "expert system shells". Develop= no 
longer need to spend huge amounts of time roding the 
struaure of the expert system. These packages normally 
rontain development environments that fucilitate build
ing the knowledge base and designing a user interlace 
There are many shells on the market to suit different 
needs, but l:uge romplicated expert systems are ofien 
customized Shells have limitations of funaionality and 
l!exibility, but there are few \If any) aviation maintenance 
applications that <an be implemented rost ellectivdy by a 
rnstom expert system. 

When a shell is utilized, roughly SO% of the effort is 
planning and doa.tmenting the knowledge to be repre
sented by the expett system. Figun 5.1 shows the overall 
struaure of an expert system. This process requires two 
kinds of people, one is frequently labeled the "knowledge 
engineer" and the other is the domain expert. It is the 
knowledge engin=' s job ro develop the rules th:u will be 
the basis of the expert system. This is as mudt of an an as 
ascienre,since it is never possible to besurethe knowledge 
is compl~e. Domain experts do not readilythink in tcnrs 
of explicit rulessotheseneed to be drawn from answers to 

HUMANS 

ENGINEERING & 
MAINTENANCE FT,_:' _ _J 

MANUALS ::.'~ 

Job Performance Aids 

questions. Expert systems can not be developed from 
tedmical manuals, live experts ;.re needed. Mudt of the 
power of an expert's knowledge is in termsofnuancesthat 
are not rontained in manuals. 

The process starts by assessing the types of issues that will 
be enrountered by the final produa. Likdy scenarios are 
identified,andthec:xpertisaskedhowu.'teymightrespond 
toagivenseenarioandwhy. Thedifficultyisthatthereis 
no~ ofknowing fur sure if all scenarios the operational 
expert system will c:xperience have been 3ddressed. Thus, 
it is never possible to know if the rules obtained from the 
expert are sufficient. UnfOrtunately, as with most com
puterapplications, dtanges once the system is operational 
are not easy. The reason is that rules entered into the 
program are written in terms of models of the system and 
possible interaaion between the elements of the system. 
Adding to the existing rules is not a maj<-r undertaking 
but, ifthemodel musr bedtanged, it can have implications 
for many rules. 

It i.< --:c: pu><ible to know how the system will respond in 
an oper-..tional environment because only known sce
narios can be tested. This uncertainty ieads to a critical 
criterion fur determining the feasibility of an expert 
system. The problem has to be very well definc:d. The 
success of the project will be further jeopardized if the 
problem is not rigid and dtangesdutingthe project cycle. 

COMPUTER 1 INSTRUMENTATION 

SPECIAC -"' 
r--D_A_T_A_,_--1 MEASURED \f 

DATA ;;:o 

~=k:{~k~~~~~=~~:;~~:=:=~~~~m 

~Etl 
:ru::~~~~ -~~=~-::.&::::::$.H 

STRATEGY & ,;;? 
CONTROL f 

;::;:·:~·:·::;;::::;i :ill,:;:;::::::;~:;:~~==;~;~ 

ENO 

USER {::: QUESTIONS. 
USER 1:: 

f+---:=---'-----I~!NTERFACE IJ 
ANSWERS.& 

EXPLANATIONS 

FJgUre 5.1 Expert System Diagram 
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The final expert system is usually implemented with a 
menu interfa= The user navigates through the system by 
selecting items on menus. Data is entered in a similar 
manner by selecting one of several possibilities offered by 
the computer. The interfaces are becoming more graphi
cal and intuitive, but the computer still only unders-.ands 
numbers. The software associates each dement in the 
menu with a number. For exa!nple, if the observation to 
be considered is that there is a "blue stain on the fuselage" 
it would be too difficult for the software to associate a 
number with each of the words. In addition, there are 
numerous ways in which the same message can be con
veyed in natutallanguage. This problem is avoided by 
creating menus of options, each of which is assigned a 
number. This is an additional li!Tliting fuaor, since it may 
not be poosible to know ahead of time all of the possible 
co!'.ditions that shouid be addressed in menus. 

Once an initial question is asked by rhe user, the expert 
system wili prompt the user with questions until it !-.as the 
infont!ation necess;uy to satisfy the rules. The rules in the 
expert system are normally givert associated confidence 
factors. For example, if two conditions exist there is some 
amount of confidence that a third condition exists. This 
information is present<:d to th.: user along with conclu
sions and the list of rules tl12t were applied to =.ch the 
conclusion. 

One of the steps of expert system devdopment is the 
thorough documentation of knowledge in a particular 
area. This can be a useful product in itself if an expert is 
nearing retirement. This is not an unusual situation, since 
the expertise we value most is that gained over a life time. 
The aviation mainter.ance industry is facing the retire
ment of a large percentage ofits work force over the next 
decade. Expert systems might be warranted in some 
specific, well defined areas. 

5.4.35 Databases 

There is a science to collecting and maintaining informa
tion with computer.;. The primary task is to ensure that 
infOrmation will be readily accessible when it is needed. 
Numeroussofiwarepackagesareavailahletofacilitatethis 
process for most applications, including packa,oes specifi
cally designed for aircraft maintenance. The task of 
database development involves three steps. The steps and 
percentage of total time required are listed below: 

Planning 30% 

Implementation 60"Al 

Data entry 10% 

The most deterministic step is the data entry effOrt. If you 
can assess how long the data entry will take, it gives you 
some idea of the magnitude of effort involved in the other 

steps. The implementation stage is a mattcroflea.rning the 
particular software package involved and cmying out the 
steps required. The planning stage is the most critical and 
the least defined. Databases are essentially made up of 
numerous small databases with links between them. "The 
planning process involves predicting the characteristics of 
aU oftherypesofinformation that are to be included in the 
database. In addition, all the possible uses of the informa
tion need to be known ahead of time. This is usually done 
by developing input screens and reports with the help of 
the user. 

The person that enters information into t.he database, 
entets information into one or more fidds. These fields 
correspond to the possible classifications of the informa
tion. The fields explicitly link the new information to 
information already in the database. For example, a 
maintenance database might have a field for part number, 
aircraft type, part description, quantiry av:ulable, or other 
designations. The number of ways information can be 
accessed is a function ofthenumberoffields, but roch fidd 
takes data entry time and the number of fidds should be 
minimized. The final database is thedcvdoper's interpre
tation of the user's needs. For the interpretation to be 
accurate, developing a database requires careful commu
nication between the user and the devdoper. 

As with other effOrts to implement technological solu
tions, it makes sense to stan small. A demonstration 
database should be built to test assumptions and obtain 
additional input from the user. Databases can not be e:osily 
modilied once they are complete, so it is important that 
the process not get too far ahead of the user (i.e.. entering 
vastarnountsofdarawithoutobrainingusera=ptanceof 
the approach). 

'lbere are other cc.nsiderations once th.: database is com
plete. D-.ta entry >hould be cardllily controlled to main
tain the integriry of rhe information ("Le.. rwo people 
enterir.g different versions of the same information). 
Once again, major applications are likely to need a 
specialist to support and maintain t.he database 

5.4.3.6 Peripheral and Supponing 
Technologies 

Storage medi=.. Data storage is currently accomplished 
with magnetic and optical technologies. The vast majoriry 
of memory devices use magnetic technology, for example 
floppy disks, hard disks, tape. cassette, and most main
frame memory peripherals. The major advantages lie in 
its cost, physical size, power requirements, and speed in 
accessing data. Industry manufu.cturers such as Conner 
Peripherals, Seagate, and Toshiba continuously identifY 
enhancements. 

118 

' 



Optical Technology, which is used in compact disk read
only memoty {CD-ROM) and write once read many 
(WORM) systems, is relatively new. The major advan
tages of optical stornge technology is its large capacity and 
the reliability of the data (i.e.. it is not as susceptible to 
magnetic fields or physical contamination). The major 
disadvantages are in data aca:ss rimes which are long due 
to data file fOrmat and the lack of standatdization found 
in WORM technology. In addition, the hardware is more 
expensive than thatusedwithmagneticstorngemediums. 
The advent of rewriteahle optical storage based on mag
neto-optical technology, may increase the utility of optical 
systems. 

Inputmethods. Thekeyboanlremainstheprimatyinput 
device fur computers, however, anumberofotheroptions 
are becoming available. These include touch-screen, voice 
recognition, mouse, bar code readers, stylus and hand
writing recognition software. Touch-screen is currently 
used in applications such as manufacturing environments 
where keyboanf input is not feasible. It is mainly inte
grated in CRT displays with some use in flat-panel 
displays. Voice recognition systems have made consider
able progress to the point where vocabularies of 60,000 
words have been achieved. The systems are probably still 
not practical for the maintenance enviror .. nent for cost 
reasons, their tendency to require words to be repeated, 
and the problems caused by extraneous noises. Data en tty 
oymouseorjoysrickisrelativdyrouti.'le. Barcodereaders 
are finding increasing application. TWA uses bar code 
technology to track labor and parts. The first commercial 
portable computer to accept handwritten input is ex
pected in December 1991. The hardware fur this system 
will cosr around $5000 and there are a numerous con
straints about how the handwritten inputs are made; 
however, handwritten input may eventually be useful fur 
specific maintenance activities. 

Output methods. There are several display technologies, 
including Cathod~ ;uy Tube (CRT), Flat-panel, and 
miniature displays. CRT display technology has pro
gressed from monochrome, low resolution displa}> to 
multi-colored, high ;esolurion systems as the indusrry 
standard. Current trends indicate resolutions will con
tinue to improve for greater picture quality. Flat-panel 
displays offer a low-profile alternative to the CRT. The 
three major technologies offered in flat-panel displays arc 
the liquid crystal display (LCD), the gas plasma display, 
and the electro-luminescent (EL) display. The major 
challengeindevelopingthesedisplaysistomakethescreen 
read:>l>le in virtually all lighting conditions, at high resolu
tions, and produce it at reasonable costs. Currently this 
flexibilirt is stiU elusive. This is complicated even furt.l,er 
if a color screen is desired. Currently, displays are being 
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produced in all three technologies with the LCD technol
ogy dominating most of the flat-panel market (i.e .. for PC 
laptops.) 

A flat-panel display technology currently under develop
ment is called field-emission displays. They take advan
tage of the basic principle of the CRT, but rather than 
using a bulky, high volrnge electron gun, it uses a micron
size cone-shaped srrucrure called a "field-emission cath
ode" which can produce the same results as a CRT, at 
much lower voltages. 

A display developed by Reflection Technology called the 
"Privare Eye" is worn by the user on a headset. It is a 
miniature display (1x1 inch) that is placed in front of the 
usetsdominant eye, and creates the illusion ofafull (1 Ox 12 
inch) display. It costs around $600, bur it is not yet 
practical for aviation maintenance. Use of the system 
demonstrated that the head set is awkward and keeping 
the display in the right location for viewing requires 
constant attention. In addition, looking at the display for 
any length of rime becomes uncomfortable. 

Printets increase in quality and become less expensive each 
year. Printers remain the principal furm of computer 
output. Voice synthesis as output has round some appli
cations in telecommunication systems, but are as yet too 
expensive and inflexible to be applied in more than a few 
aviation n1a.intenance activities. 

5.4.4 Implementation Guidance 

5.4.4.1 System Integration 

This section relates lessons learned from a decade of 
implementing technology in aviation maintenance a...d 
other applications. Technical functionality is normally 
the lOcus of development effons, but experience demon
strates that Human F:!Ctors issues are the principal barrier 
ro success. Humans remain the engine for most complex 
systems. For example, even automatic test equipment 
(ATE) is dependent on humans for planning, design, 
manufacturer, installation, and maintenance. Aircraft 
maintenance in thirty years wiU be different than today, 
and automation will certainly have a larger role. The 
question is how do we get to that future system with a 
minimum oftrial and error? The answer seems to &vorthe 
"tortoise" over the "hare". Development efforts in the 
1980's demonstrated that implementing new technolo
gies is an expensive and largely experimental process. 

Overall, the findings indicate that unless an organization 
has the resources to experiment with technology, it should 
wair for others to work our the "'bugsY.O. ~fa system 
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devdopmentprojectisundertaken, it should bedonewith 
• eyes wide open" and not based the fact that it is "tedm<r 
logically feasible". There are numerous lessons to be 
learned from past ef!Ons on this acxounL Finally, it our 
findingthatfortheforeseeablefuture,humanswillremain 
central to maintenance, and implementation of technol
ogy should be centered on supporting human aaivities. 

5.4.4.1.1 Planning an Automation System 

Therearenumerousreasonsforneedingasystemandeven 
morefunaionsthesystem can perform, but once manage
ment recognizes the need for a system more details need 
to be considered. Table 5.5 list the typic:U steps in a 
feasibility study. Many early systems were devdoped 
without sufficient input from the end user and, in some 
cases, the final system was rejected (or ignoted) by the 
use!ll. Maintenance o.ganizations are now very sensitized 
to the imponance of incorporating user requirements. 
Large airlines have ilttemal data processing depamnents 
and some large an<i small airlines use consultants to hdp 
in system developmenL The process requires a close 
working relationship between user and system devdoper. 
Oftenusero.ganizationsaresutprisedtolearnthatsystem 
devdopment requires the full-time involvement of one or 
more staff membe!ll, and the part-time involvement of 
many staff. 

Once a team has been assembled from the two groups the 
planning can begin. Three types of informacion must be 
obtained during the planning process. The fim is deter
mination of system requirements and the functions the 
system will perform. The objective might be to comput
erize the current system, in which case research is probably 
needed to identify existing types and !low ofinformation. 
Requirements might also go beyond the current system in 
specific areas. It was noted that ineffective manual 
approaches remain ineffective when done on a computer, 
thus existing approaches should be carefully scrutinized 
before they are computerized. The r"'luirements process 
might also involve a number of visits to different locations 
tc· assess what othelll have done. 

Once the requirements of the system are determined, the 
approach for implementing the requirements is devd
oped. Naruraliy,itisdesirabletobuildonexistingsystems. 
The approach should be divided into modules that can be 
devdoped and fidded incremenrally. Benefits should not 
wait for the entire system. each module should add value. 
Anticipated screen layouts and report formats might be 
identified at this stage. The next step is to bring the 
requirements and the design concept together in an 
implementation plan. 

This is the stage that requires the closest cooperation 
between user and devdoper. Numerous tradeoffi ate 

Example Feasability Study 

Step 
1. 
2. 
3. 
4. 

5. 

6. 
7. 
8. 
9. 

10. 

Description %Total Time 
Rapid needs assessment 5% 

Survey of management support & team building 5% 

Airline analysis- existing verses needed resources 10% 

Definition of requirements 25% 

Definition of approach to design 20% 

Reassess requirements and design with users 10% 

Justification - benefits 5% 

Justification - costs 10% 

Overall development approach 10% 

Report - written and oral presentation ongoing 

Note: The steps are listed in the order that they will be carried out, however, 
most steps are iterative in nature. 

Table 5.5 Steps Involved in a Feasibility Study 
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always nealed to :nake implementation feasible. Users 
neal toensurethat priorityofvarious functions are known 
bythesystemdevdoper. Otherwise, &cilitatingbardware 
and software development will drive trade-oilS and the 
result may not be acceptable to the user. Once the 
planning stage has been completed, it is possible to make 
a more realistic assessment of the advantage; of automa
tion. Cost estimates should be balanced with promised 
benefits. 

5.4.4.1.2 Human FactOrs 

The objective may be to implement technology, but the 
success or &ilure of system integration very often comes 
down to Human Factors issues. The development task is 
basically one of reconciling the needs of two groups. The 
groupdevdoping the system knows what needs to be done 
to achieve a particular functionality. The group that will 
use the system knows what functions they want imple
mented. Unfortunately, approaches that are easier for the 
developers often produceunsatisfactotyresultsfortheuser 
and vice-versa. The tradeoffi must be negotiated between 
the groups and there-in lies the Human Factors challenge. 
The groups have disparate languages and pethaps even 
disparate goals. The system developer is usually judged by 
the cost and the rate of development progress, and the 
user's focus is on maintaining aircraft. The process re
quires constant communication between these groups. 
The user is usually interviewed to determine his require
ments, but unless there is a constant exchange ofinfurma
tion, the final product ends up being the developers 
interpretation of what the user needs. Thus, a primary 
lesson of efforts to date is that there is a neal for increasing 
consideration of human factors in system design. A 
paradigm that renters system integrati.:m on humans (end 
users and those that participate in system devdopment) 
and not on emerging technologies is warranted. There is 
an enhanced awareness of the neal to focus on the user, 
but the current paradigms still focus on technology. 

5.4.4.1.3 Alttrnatives 

The least expensive approach to implementing technol
ogy is nottodo it at all. Organizations can get hooked into 
competing based on who uses the most advanced technol
ogy, but given that the product is airctafi maintenance this 
can be an expensive diversion. Implementation of !ech
nology is not the only avenue for addressing the increased 
complexity of aircraft maintenance. The research pro
gram on Human Facum in Aviation Maintenance, of 
which this technology study is a part, is designed to 
develop approaches to make more effective use of the 
human resources. Peak human performance is a function 
of a number of factors and current management tech
niques do not address them all. Quality Circles and similar 
employee involvement programs were a stan, but there is 
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a neal for additional creativity in increasing worker 
production. Aircra.'i: maintenance organizations focus on 
the factors that make humans capable nf doing the job 
(training, tools, support equipment), but many do nm 
adequately address factors alfecting human willingness to 
do tasks (participation in decision making. economic 
incentives, recognition programs). 

Alternatives should be considered before system develop
ment is attempted. The availability of new technologies 
is not in itself a reason to implement technology. One 
&aorthat charaaerizessuccessful useoftechnology is that 
they are in applications where there are no alternatives. 
Examples include systems that support on<Ondition 
maintenance of aircraft engines and tracking parts. 

5.4.4.1.4 System Derelopment 

If there are no alternatives and the decision is made to 
intplement a technological solution, there are a number of 
things to consider: 
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1) It is never easy the first time. If an application is 
particularly suited to a technological solution, 
there will eventually be numerous off-the-shelf 
packages available. If the proposed application is 
the first ofits kind, beware. Systems are built from 
numerous individual technologies fur everything 
ftomwireto metal cabinets. The system is depen
dent on all of these elements working together. 
Failures can occur anywhere. Successful imple
mentation of technology requires explicit consid
eration of every possible outcome. Once similar 
systems have been built, knowing all of the pos
sible things that can go wrong is easier. One way 
to address this is to build a small scale version of the 
application and test assumptions. 

2) Use the most experienced talentavailable. Noth
ir.g replaces experience when it comes to develop
ing complex technical systems. The experienced 
person will cost more hourly, but the job will be 
completed much more thoroughly and rapidly. If 
experienced help seems to be too expensive, it 
should raise questions about whether there is 
sufficient resources to undertake the task at all. 

3) Whatever can go wrong will go wrong. Cancel
ing a project because of problems encountered can 
be vety disappointing and expensive. The project 
should not be initiated without recognizing that 
numerous difficulties will be encountered. The 
difficulties will be proportional to the maturity of 
the technology and the experienceofthe individu
als involved. Installing dedicated ATE from a 
manufacturer may have a few unexpected prob
lems, but internal development of unique ATE 
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which inrorporares voice recognition can expea 
many. 

4} Requirements should be specific and rigid. In 
efrect,systemdevdopmentrequirespredictingthe 
anticipated use of equipment and the operating 
environment. This is nearly impossible as applica
tions become more general. Avoidthetendencyof 
requiring equipment to be more general in order 
to spread thedevdopment costs across more appli
cations. Rigid requirements are necessary, since 
changes become more expensive to incorporate •s 
development proceeds. Fig~~" 5.2 illustrates the 
increase in cost as the project proceeds. 

5} The system should be lidded incrementally. 
Each element should add value, and the changes to 
thecurrentapproachshouldbemadeslowly. This 
permits an ongoing process of evaluation and 
enables users to provide inputs and become accU£
tomed to the system. Waiting until all resources 
have been expended is not a good time to discover 
the success or failure of a system. 

6) Assume technology will continue to change. 
The three or four year cycle needed to implement 
technology corresponds with thethreeorfouryear 
cycle in which major new technologies are devel
oped. The result is that by the time a program to 
implement the last generation of technology is 
done, a new generation of technology will be 
available. 

5.4.4.1.5 Maintenance Automation 

Automation system development is normally controlled 
bydataprocessingpersonnel. Theuserswilll!SUallyassign 
one person to JCt as a liaison to insure their interests are 
inrorporared. Problems can arise in several areas. Tech
nological considerations that simplify system design are 
often incompatible with features that simplifY use. The 
computer's affinity for numbers versus human affinity for 
symbolsisinconstantronflict. Unlessthedesigntearnhas 
considerable experience in the application area, they very 
often underestimate the effort required. When deadlines 
approach, user requirements are vulnerable. 

Neithergroupmayhaveastrongundcrstandingofhuman 
factors considerations, and human factors specialists are 
often not a part of the design team. Approaches that 
facilitate the incorporation of human factors exist and 
should be considered. TheMANPRINT (manpowerand 
personnel integration} program at the Army has devel
oped a very specific process to incorporate human facrm,; 
considerations in sy,;tem integration of large >ystems. 
They have also accumulated over 70 resources that arc 
available for addressing human factors, including the 
following (Booher, 1990): 

• Analytic Techniques 
• Computer Software 
• Data Bases 
• Handbooks/Guides 
• Military Standards/Specifications 

It Pays to Detect Software Errors Early 
100 

50 

..,_ 
RELATIIIE 
cosrro 

CORRECT 10 -

SOURCES 

• IBM 
• TRW 
• OTE 
• BEU I.A8S 

Ftgnre 5.2 Cost of Correcting Software 
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Maintenance clara processing professionals and man agee; 
learned the following from experience: 

Ensure user involvement and suppon during all 
phases; there should be no surprises in the end. 

It might even be necessary to ensure the usee; have 
a realistic knowledge of the challenges of the process 
to avoid excessive expectations. 

Do not c.'oase the latest technology, and be conser
vative on ilie number of functions automated. 

The definition of th~ functions automated should 
be very precise. 

Design in flexibility and amici pate future needs. 

Build the system in an incremcmai manner where 
each module can return value as soon as it is 
complete. 

Do nor lose sight of the fact that maintenance is the 
mission of interest and computcri:to.tior. shouid 
not become an end in itsd£ 

The original justification of automation systems can 
be lost in the "heat" of implementing the system. 
Evaluations ;;nd expectations should be verified on 
a continuous basis from proposal throughout the 
life or the system. 

5.4..4.1.6 Use!." Requirements 

It has not been productive to compel humans to !.lSc 
automation systems, thus success depends on obtaining 
user acceptance. The proble.'Il does not seem to be a 
general reluctance to use technology, but resistance to 

systems that do not have adequate utility. System devel
op~rs are now well sensitized to the importance of consid
ering the user, and will always claim advocacy of user 
needs. The problem is that addressing the users needs is 
not easy, and simply asking users what they want rarely 
suffices. The users know and understa.'ld the current 
approaches for getting the job done, but notto the level of 
detail needed for computerization. In any case, if the most 
appropriate approach is different from the current ap
proach, users may not be the best source for requirements. 
The criterio!> of" user friendly" might suffice as an objec
tive, but is too vague to be a useful design criterion. 
Devdoping a system rhat addresses user rcquirem, nts !s 
difficult not only because user requirements are hard to 

define, but because technologies can only be implemented 
in a limited number of ways. Implementation must be 
accomplished within a long series of constraints. 

Achieving user acceptance requires system developers to 
takeabroaderviewofdesignobjectives. Thesystemmust 
be designed to achieve functionality so that the human is 
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capable of using the >(Stem to achieve a task, but addi
tional considerations are necessary before hum.,ns will be 
willing to use the system. Much can be aa:or .,:iished b;' 
simply asking, as long as the devdoper is willing and able 
to give prioriry to even seemingly minor considerario~s. 
The design should account for the following: 
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Control should remain with the user. Humans arc 
naturally uncomfon~blc in situations where theydn 
nor have o·--:roi over prog:css. In most cases this is 
nm just wi-. -,,but the frustration u!.;.at resuhs 
fi:om ~dero.rif;'ing a more efficient approach and nor 
being able to enact ir. 

Ggining user input should be more i..han a. one srcp 
process at the project's beginning. Often users don't 
know what they really want or need and don't know 
~.vhat i.-. possible. User i:lpur must he an intcra:;tivc 
a;1d itcratJ,;c process cxpEcidysc..hedulcd a.nci cva!u
ated throughout ~.he :.iev·e\opment stages. 1nvolve 
use15 in the dccisicn walting process wh::n consid
ering alternatives and actions. Let users test the 
prof>.::JSed system a..'"ld s'"ee if rhcy really like the 
approach. Ofccn 1he c.,er doe> not, for' casons they 
were unable ro predict from a concept description. 

Humans should not be expected to assimilate vast 
quantities of data or infonnarion. Computers have 
the capability to k"l' vast amounts of information 
on-line, but the infonnation should not be pre
sented to humans all at once. The challenge of 
serving as a source of infonnarion is not Just to 
provide access, but to provide rapid access to needed 
information and nothing more. 

Single data enttyshould serve all parts of the system. 
Dara entty is a "bottleneck" for computer based 
systems and is made worse if disparate systems can 
not share data. Applications that are input oroutput 
intensive should be avoided. 

Systems should provide tangible benefits for the 
work force. It seems obvious, but there should be 
some clear benefit in using the system. If the benefits 
are in terms of greater profitability of the organiza
tion, then that should be communicated to the 
users. Humans are naturally reluctant to use sys
tems that increase their workload with no dear 
benefits. 

Computers should serve humans. Computer sys
tems depend on humans for data entry, mainte
nance, and upgrades, so it can start to be confusing 
who is serving who. Humans usually need to adapt 
their approach to fit the computer. The use and 
benefits of computer systems should be dearly 
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stated and dearly demonstrated. so that humans 
will know why they should want to adapt. 

Users should be allow~ to optimize the system. 
Systan development may end with a working 
system, but there are always enhancements to be 
made. Users are the best source for identifYing these 
enhancements. 

There :ore several general considerations that apply to 
technology in commercial aircraft maintenan= 

Cost- few maintenance organizations can afford to 
payforthedevdopmentofnewtechnologyapplica
tions. Some can afford to purchase systems devel
oped by others. In any case, the vision of every 
wdmician walking around with a portable job 
performance aid is sometime off, unless the benefits 
become more tangible. A system that provided 
access to maintenance manual information would 
be worth less than $1 00/technician in tangible 
benefits. 

Hostile environment - technology is 
fragile, and making it durable can be 
ex:pensive. While most maintenance 
activities are not greasy or done in the 
rain, things do get dirry or dropped. 
Experiencewith microfilm readers and 
computer term;nals demonstrates du
rabiliry is important. 

Infonnation needs of technicians-the information 
needed by technicians is not easily quantified. It is 
not simply a matter of placing technical manuals 
on-line. Technicians need numerous rypes ofinfor
mation: 

• Location of tooling and fixtures 
• Work complet.d on previous shift 
• Location or arrival time of aircraft 
• Relative w:gency of repair 
• History of particular aircraft 
• Remote effects oflocal actions 
• Alternative repairs 
• Procedural nuances 

Portability- given current per user costs, it is likely 
that systems will have to be shared berween m.my 
technicians. As a result, they need only be located 
in a c;entrallocation. 

Graphics - Graphics are ex:pensive to display and 
storf".., so there is some motivation to minimize 
them. However, illustrating what has to be done is 
much moreeJkctivethan teet in.-rructions,sograph
ics are essential to user acceptance. 

Training- All new systems will have impliCI!ions 
fur training. These should be anticipated and 
planned. Training will have initial and ongoing 
dements. 

5.5 RECOMMENDATIONS 

5.5.1 Overview 

This research is patt of a larger research program on 
Human Factors in Aviation Maintenance Inspection. 
The interest is in strategies fur enhancing cunent practice 
that might not be apparent fi:om the perspective of 
maintenance professionals performing their day-to-day 
duties. Therecommendacionsthatfollowarebasedonthe 
first phase of]ob Performance Aid research. The last two 
phases of research will demonstrate, validate, and develop 
approaches to implement the recommendations. 

5.5.2 Recommencbrlon 1 

Make more effective use ofhuman resources and realisti
::ally ex:atnine the utility of technology. 

5.5.2.1 Dc:scription 

Additional consideration should be given to approaches 
that use human resources more effectively before new 
technologies are implemented. The process of fielding 
technology is largely ex:perimental, and although initially 
appealing, it often requires more resources and produces 
less satisf..ctory results than anticipated. Fielding technol
ogy is important fot long term competitiveness, but it is a 
long and ex:pensive process. It is nor a prnctical alternative 
to making more eJkctive use of human resources today. 
Manag~rr.ent of human resources should use a broader 
perspective when considering the issues involved in atrain
ing peak human performance. The current focus is on 
dements that make humans capable of performing the 
work.butthereareothetconsiderationssuchasobtaining 
their willingness to do the work: 

• Cleat and concise goals 
• ownership 
• cooperation 

• Job sarisf..ction 
• recognition of contribution 
• realistic ex:pectations 
• adequate working environment 

• Respect, trust, and loyalty 
• Competence 

• physical 
• cognitive 

Fewwould admit to placing more faith in technology than 
people,buttheresearchdemonstratedthat!owfaithinthe 
capabilities of humans was a large part of the motivation 
for system development. There is some discomfort with 
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addressing issues such as job satisfaction, and technology 
appears to be more prediaable. However, ifhumans are 
used more eflectively and technology is viewed more 
realistically, a different picture arises. 

Research in this area and others address·xl by the Human 
Facwrs in Aviation Maintnuzna arul Inspection Re
search demonstrated that there is a potential for increasing 
human performance in aircraft: maintenance. The un
tapped P,tential of existing human resources should be 
utilized and existing technologies should be completely 
inccgrat::d before new systems are fielded. Experience 
demonstrates that each new svstcm introduces unknowns 
into the m~nrenance pro~. 

)Aaintena~ce managers are often too busy meeting the 
demands of t':!e dav-to-day maintenance effort to have 
time for reflection on altern~tivc2pproachcs to maker vote 

effective use of human resources. Ct-.anges em noi be 
~nitiated bottom up, and no one ~on can change th<:: 
philosophy of an organization. Affecting changes will not 
be easy. Tnc Human Factorr mAiliarWnMaintnumce 
research effort is designed to increase awareness fium the 
ropdown. Once it is recognized that fu.t-rherconsideration 
of human fuc::ors might provide avenues to achieving 
more effective use of human resources, the next Mep is to 
test the idea. A pilor program can be initiated to provide 
a model of how human fuctors ca:t contribute to r.l,e 
maintenance effort. Perhaps work on a particular type of 
aircraft or particular shop can serve "' the test case. The 
effort should be carefully planned and the exrecred ben
efits should be tangible to include the following: 

5.5.3 

Reduced tum-around time 

Increased qualiry 

Reduoxl parts costs 

Reconunendation 2 

Avoid user acceptance and system utiliry problems by 
centering system developmem on humans. 

5.5.3.1 Description 

A decade of user acceptance problems has ied to an 
en..hanced sensitivir-t of user needs. No developer will risk 
being perceived as insensitive to tbe user. However, 
sensitivity d<>CS not mean developers know how to effro. 
tively incorporate user needs in system design. Implemen
tation of technology is still easier if dte user is ignorOO.. 
Developers need the expertise, rerouroes, and staying 
power to end up with a system that is compatible with 
humans. The experuse exists, bur a shifi: in thinking is 
needed to insure future systems will be acceptro by the 

Job Performance Aids 

user. The pe,;pecrive needed is one that cente,; system 
development on humans. 

Ma11y claim to work closely with users during system 
development, but not all are sucoessfu.L Implementation 
decisiom;stitl tend to bedominated by a given technology's 
fuciliry for achieving a given function. For example, most 
on-line work ca.;•d systems do not incmporate picrures of 
the task described, because graphics are memory intensive 
and much more difficult to create than text. Perhaps, 
work-around.s can be identified such as pasting in gr-.ph
!cs, after the faa, but t.~is leads to other difficulties. FO! 
example, if the graphics and text come from two sources. 
the terminology may not correlate sufficiently. A >j-stem 

development perspective centered 0:1 humans might lead 
to a decision to hold off putting work cards on-iine umii 
piaures C!ll be adequately incorpo=ed. Care should be 
addrcs.·xxi to clements tha: seem to be minor inconve
nicr.ces. Pans are no !cneer tracked bv t.~eir name 2...Tld 

description, but by m . .:.mb;rs. lf rwo p~ looksimila!· and 
h;;.vc simi.iar numbc..-:s, technicians might ase a pan wirh
out taking the time to track down the descriptions that 
indicate why the parts are not interchangeable. 

In other words. once the cond t.cion is re:J.U.~ t.~at more 
effective utilization of humans is not sufHcient for a 
particular problem and a technology solution is war
ranted, humans should not he forgotten. So fur there is no 
structure to insure this. TI-lls process can be facilitated by 
establishingupfrontthathumans(users)aremoreimpor
tant than technology. The process should revolve around 
helping hu.-nans maintainaircrali:, and nottheexistenceof 
a particular emerging technology. T radeoflS during the 
development process should carefully consider the tech
nological alternatives for increasing the utiliry of the 
system for the human users, and should not be dominated 
by eliminating fu.nctionaliry simply because it is techni
cally inconvenient to implement. The reverse is also true; 

functions should not be added because they are techno
logica!ly convenient. Developers and usei> should have 
shared goals. 

5.5.3.2 Interventions 

Boeing Corporation has taken the step of assigning a 
maintenance expert to a leading role in the development 
of their next generation aircraft (Boeing 777.) This 
individual has thedoutto insure that ease of maintenance 
is a primary consideration in system design. Boeing was 
motivated to do this to increase customer satisfaction with 
their product. Equivalent steps can betaken in any system 
development effOrt. It is a matter of establishing from the 
top down that consideration of the user is paramount. If 
technology has not progressed enough to provide an 
approach that will provide the fu.nctionaliry needed by 
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humans, the development projea should not be started 
untii it does. 

The Army's MANPRINT (manpower and personnel 
integration} program provides the l:ugest seal,.. demon
stration of how human &a01s can be incotporared in 
system int<gmion Booher (1990). Their program inte
grates consideration of human &aots into the many 
phases of the acquisition process (request for proposal, 
proposal, awatd, design, implementation, test, and evalu
ation.) Consideration of human factors is a pnmary 
component in the awanl of connaas. For example, a 
soldier's lack of skills can nor be faulted for system f.Uiure 
during test and evaluation. De;ignets are aware of the 
soldier's skills during the entire design process, thus there 
is no room fur this justification. The initial apprehension 
of contractors about a heavy focus on human &aors is 
usually diminished by the end of the process, and the 
results have been acell~.nt. For example, the tools re
quired to maintain one type of engine was reduced from 
140 specialized tools and fixtures to a little over a dozen 
that can be round in most homes. 

5.6 CONCLUSION 

The conclusion of the research is that Job Performance 
Aid Technology is less mature and more expensive than 
generally accepted. Developing applications for new 
technology is important in the long term, but in the short 
term it should be secondary to increasing the effectiveness 
oferistingresou=. in particular human resources. Tech
nology should continue to be applied in areas where there 
is no alternative. If a technological solution is chosen, the 
development process should center on humans. Most 
implementation effun:s to date were successfUl in achiev
inga promised technical functionality, but few performed 
satisfactorily with the human user. Additional attention 
should beadd......OO to huma."l &aors in the development 
effort(Le..communicationbetweendevdopersar.dusers) 
and human faaors in the application (ie.. user require
ments and compatibility). 

This is not the conclusion anticipated when the research 
was initiated. I twas eq>ected that asurveyoftechnologies 
and Job Ferformance Aids would identifY numerous 
systems that could make important conmoutions to 
aviation maintenan= At most, it was anticipated that 
some additional guidance might be needed in the design 
of the man machine interlace. The research rapidly 
demonstrated that while projects were initiated with great 
eq>eaations, few sponsors claimed the final product 
would have a major impact or were actively pursuing new 
development elfurts. This is not to say there were no 
bright spots, as some programs sueh as the Air Force's 
Integrated Maintenance InfOrmation Sysrem (IMIS) can 
serve as models for future effortS. EflOrts got into trouble 

when they undero.-timated the magnitude of the under
taking or tried to implement technology in place of better 
utilization ofhuman resources. Increasing the efficiency 
ofhuman resources is a lot more appealing when technol
ogy is well understood and viewed realistically. 

Thecondusiondoesnotreflecrthelackofcapabiliryofthe 
system development community, but respect fur the 
magnitude of the challenge involved in implementing 
technological solutions. It is the complexity of technology 
that warrants caution in promoting it as a near term 
solution. It is recognized that technology will be impor
rant for long tam competitiveness, however, implement
ingtechnologyisalong.O<pensive,and l:ugdyexperimental 
process. 

The mission of maintenance organizations should remain 
maintenance, and managets should not be lured by r.he 
seeming excitement ofimplementing sysrerns at the lead
ingedgeoftechnology. Nooneeq>ectSabetterversionof 
humans to be avai!abie in the near future, and advocates 
of technology can always claim something new and 
wonderfUl is "just around the comer." However, commer
cial maintenance organizations should be pragmatic and 
expect technology to be accountable in the same way 
humans are accountable-"what can you do for me today?" 
Organizations should take additional advantage ofwhat is 
knownaboutachievingpeakhumanperforman= Tech
nologyis good and important, but it is not a "silver bullet". 
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NO. APPLICATION FUNCTION 
i 

NOTES I 
1 Mechanical systems Data collection Automatic I 
2 Materials Parts delivery Electrified-monorail 
3 Avionics ATE Fault isolation Automatic 
4 Display Remote operation Helmet mounted 
5 Avionics Training for AMT's 
6 System Data Data collection Airbourne 
7 Engine Built-in -test 
8 Avionics Data Aquis. diag. Automatic, in-flight 
9 Tracks JPA Portable expert system I 10 Fleet Maintenance Analysis Quantify maintenance errors 
11 Scheduling Scheduling Airline developed & automatic I 
12 I APU DetectiorJisolation Flight-line JPA 
13 Maintenance Training 
14 Hardware Maintenance Expert system 
15 Engines On-conditon Airbourne system 

116 Components Maintenance 
17 ATE Corle generation Prototype 
18 Engines Diagnosis Software generated prog. 
19 Engines Data extraction Vibration data 
20 Electro-mechanical I JPA 
21 Maintenance Structure 
22 Components Maintenance Microcomputer based 
23 Technical Data Paper transition to Automatic 
24 Electronic Cars JPA 
25 Trains JPA Portable 
26 Oil Analysis Predict repair 
27 Tracks Component Efficiency Comm-maintinvent& sched 
28 Engines On-condition Portable 
29 Avionics Diagnosis Prototype 
30 Systems Data 
31 Test data collection Fault isolation In-flight & ground operations 
32 Maintenance mgmt Efficiency VAX. based 
33 Engines On-condition Ground-based 
34 Milling Diagnosis 
35 Milling Maintenance Telecommunications -based 
36 NC emergencies Respond to On-board diagnosis 
37 Autos Support maintenance On-line diagnostic tool 
38 Maintenance Ops Troubleshooting I Expert -based 
39 Maintenance Ops Organizational COTS equipment based 
40 Design Analysis 1 

Appendix 

Summary of Job Perfunnance Aid Survey 
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NO. APPUCATION FUNcnON NOTES 

41 Maintenance Ops Organizational 
42 Engines Diagnosis Knowledge-based 
43 Engines Trending & 
44 Components ATE 
45 011 analysis Maintenance 
46 Engines On condition Time & temperature 
47 Battle damage Diagnosis 
48 Data info ISIRS Field support CD ROM-based 
49 Components Built-in-test On-board equipment 
5ll Flight control Diagnosis Imbedded sensors on AIC 

I 51 APU Data 
52 Hydraulics Diagnosis AIC hydraulics I 53 Gates Response Expert system 
54 Engines Monitor Integrated l 
55 Systems Diagnosis Expert system 
56 Info Info & diagnosis Portable 
57 Ins Fault diagnosis Expert system 
58 ATE support ATE Expert system 
59 Engines Diagnosis Integrated 
60 Systems Diagnosis 
61 Maintenance Technique 
62 Syst..ems Datal analysis 
63 DataUnk Integration Display based 
64 Engines Diagnosis Uses input from TEMS & 
65 Logistics Analysis Computer model 
66 Engines Diagnosis Automatic, real-time 
67 Flight Data Data recorder 
68 Hydraulics Inspection Prototype 
69 Logistics Planning 
70 Trucks Info CD ROM-based 
71 Engines Fault isolation On-board 
72 Maintenance History 
73 Avionics Troubleshoot Ai-based & portable 
74 Maintenance data Monitor Data-buses 
75 Maintenance Control Part of Merlin system 
76 Assess fleet Support 
77 Maintenance JPA Portable 
78 Maintenance Support Software-based 
79 Info l:1fo Microfiche-based 
80 info Integrate data MIS 

Appendix 
Summary of Job Perfunnance Aid Survey 
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NO. APPUCATlON FUNCT10N NOTES 

81 Maintenance Organization Part of Merlin system 

I 
82 Maintenance Training Al-based 
83 Eogines Diagnosis 

i 84 Flight control Fault detection In-flight de!ection 
85 Inertial Navigation Diagnosis 
85 Maintenance JPA Portable 
87 Parts Parts Tracking 
88 Logistics Decision Support Software-based 
89 ATE Planning Model 
90 X-ray Sup!X)rt PC-based 
91 Components Fault diagnosis 
92 ATC Remote NAS system component 
93 Structures Predict &Plan Software-based 
94 Engines Training 
95 Flight control lnterveniion 
96 Maintenance Training 
97 Cars Diagnosis 
98 Cars Diagnosis utilizes hypertext 
99 Maintenance Organization 

' 
Software tool 

100 Sate lites Decision aid Prototype 
101 Structural Diagnosis On-board 
102 Multipu~ Training 3D-simulation 
103 Engines Diagnosis 
104 Ensines Monitor Early application I • 105 Engines Diagnosis Expert system-based 
106 Subsystem Training Computer -based 
107 Structure Maintenance support 
108 Engines Diagnosis Interface to maint. databases 

I 
I I 

L 

Appendix 
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7.0APPENDIX 

l.ADE-AUfOMATICDATAENTRYFORAIRCRAFfMAINTF..NANCE 

FUNCTION Facilitate data entry 

SPONSOR US Air Force 

DEVFLOPER 

INflATED 

DESCRIPTION 

Lockheed 

1975 

An automatic data entry ~'Stem which encompasses al! mechanical devices. 
This system replaces the manual entry of data imo the infOrmation system. 

2. AEM--AUfOMATF..D ELECfRIFIED MONORAIL 

FUNCTION 

DEVELOPER 

UFE 

DESCRIPTION 

To deliver repl:u:ement pans used in maintenance :tt high-speed. 

United Airlines 

Present. 

Electrified monorail partS delivery system moves product 31 high speed t.J..,us 
improving cffici.,cy. 

3. AFT A-AVIONIC FAULT TREEANAL\'ZER 

FUNCTION 

SPONSOR 

DEVFLOPER 

DESCRIPTION 

Perfonn5 automatic testing of avionics equipment in its' operational environment 

U.S. Navy 

Douglas Aircrafi Comp;my, St. Louis, Mo. 

TheAvionicsFaultTreeAnalyzet,AFTA.isasuit-casesizedmicroprocessor-hased"'mputer 
system which perfOrms automatic testing and f.mlt isolation ofF/ A-18 avionic systc:ms. It 
is capable of fault analysis to the Shop Replaceable Assembly level. The &ult isolation 
programs are referred to as f.mlr rrees; analysis of these trees include analyzing, sorting, 
comparing, examining, and manipulating data from the system being tested. The effective
ness of this system is contingent u<"'n the effi:ctiveness of the z.vionics system built-in--test 
(BIT) equipment and the knowledge and practical expertise of the Emlt tree designer. In 
addition to the lightweight, portable computer, theAIT A requires removable magnetic .ape 
=--ttecartridges. ThesysternconnectstotheaircraftMUXBUSandaircrafi:power. Once 
the program is initi:tted, the &ult diagnosis is illuminated on the flat screen display. A han:! 
copy can be generated. 

4. AGILE EYE, and AGILE EYE PLUS-HELMET MOUNTED DISPlAY BUILT IN~~ 

EQUIPMENT 

FUNCTION 

SPONSOR 

DEVFLOPER 

UFE 

DESCRIPTION 

Hdmet-mountai display 

US Air Force 

Kaiser Electronics 

1990 

This system modifies the "Private Eye" minaruredi<play, also called Agile Eye and Agile Eye 
Plus. The display is incmporated with a helmet in order to sigilificamly increase a pilot's 
situational awareness. It is possible using this apparatus to project television monitor 
inrorrn:ttion or other computer information. The image is directed to the visor of the pilot's 
helmet, rhus keeping the infOrmation in front of his eyes at all times. It i• 2 monccul:tt 
presentation to the pilot's dominate eye. It displ:;ys only information needed. The system 
can als<> be tailored by the pilot, i.e., • ded:.meted" so that it can include only what tiN: pilot 
wanLS to see. 
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5. AGTR-AVIONICS GROUND TRAINING RIG (RAf) 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

To train aircraft maintenance personnel in fault diagnosis and setvice of advanced avionic 
systems. 

United Kingdom Royal Air Force (RAF) 

Essams 

1985 

The Avionic Ground Training Rig, AGTR, is a maintenance trainer and simulator designed 
to train ground crews in advanced avionic fault diagnosis andsetvicing methods. The system 
is composedofalife-sizecock-pitanda PDP 11/55 andY AX 11/70 romputer-basedsystem. 
The ground crew can accurately diagnose aircn.w reponed system deficiencies through 
simulated Hight. This system was developed fuz the UK Royal Air Force, T omado F2 
interceptozs. 

..>.AIDS-AIRBORNEINTEGRATEDDATASYSTEM 

FUNCTION 

SPONSOR 

UFE 

On-line integrated data systems for use in work areas by technical and engineering personnel. 

Trans Wot!d Airlines 

Operational in 1986 

DESCPJPTION Satisfies the need for dedicated computers for maintenance and engineering functions.. The 
system uses :m ARINC Communications and Reponing Systems (A CARS) data link. 

7.AIDAPS-AUTOMA.TICINSPECTIONDIAGNOSTICANDPROGNOSTICSYSTEM,alsoreferredto 
as, UH-AIDAPS TEST BED PROGRAM 

FUNCTION 

SPONSOR 

DEVELOPER 

UF~ 

Engine monitoring instrument that performs automatic in-flight inspection, diagnostic and 
prognostic procedures to detect mechanical malfunctions and warn of f.Uiure-conditions. 

US Army Aviation Systems Command, St. Louis, MO. 

Test Bed Program Developer: Hamilton Standan:! ;Analysis, Procedures and 

T !"2de-OffConcept Formulation Study, Computer T abularions, Computer 
Models, Computer Output Data, Nonhrup Corporation. 

1972 Computer modelling 1972 through 1975. 

DESCRIPTION Automaricdara-acquisition and data analyzer systems to inspect, diagnose malfunctions, and 
predict f.lill.ife of in-flight aircraft engines and fuel systems. AlDAPS was designed for the 
US Army helicopter, UH-1 H. 

8. AIMES-A VIONICS INTEGRATED MAINTENANCE EXPERT SYSTEM 

FUNCTION 

DEVELOPER 

UFE 

DESCRIPTION 

Monitors engine functions and performs real-time diagnostic procedures. 

McDonnell Douglas 

Flight tested January 1986 

In-flight, automatic test system for use in US Army F/A-18 Homer aircraft which utilizes 
artificial intelligence. Data acquisition and diagnostic operations are perfOrmed while the 
craft is airborne which eliminates the need for maintenance personnel to re-<:reate the 
conditions once on the ground. The knowledge of the mechanic is coded on the computer 
in the form of operating rules. 
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9. AIM~AUTOMATED INI'ELLIGENf MAINTENANCE SYSTEM 

FUNCTION 

SPONSOR 

DEVFLOPER 

UFE 

DESCRIPTION 

Portable inter.accive computer system used for maintenance testing and repair ofUS Army 
vehicles. 

US Army 

Analytics Corporation, King ofPrussia, PA 

1987 

AIMS is a portable, light-weight, expert system for use in maintenance, repair and training 
arenas. It uses expert system and voice recognition technologies, and computer screen 
displays of schematic diagrams and installation drawings. System may also be used for 
inventory mcking, parts requisition and maintenance-history records of vehicles, and 
schedules. Interchangeable sofiwrue will accommodate to other type vehicles including 
aircraft and rotorcrafi. 

10. AMES-AIRCRAFf MAINI'ENANCE EFFECTIVENF.SS SIMUlATION MODEL 

FUNCTION 

SPONSOR 

DEVFLOPER 

UFE 

DESCRIPTION 

ll.AMICAL 

FUNCTION 

SPONSOR 

UFE 

DESCRIPTION 

Project to develop simulation of operation and maintenance of an aircraft squadron. 

Navy 

XYZYX Information Corporation, Canoga Park, CalifOrnia 

1977-1979. 

A computer-based program of Aircrafr Maint<=nce Effectiveness Simulation (AMES) 
which is able to develop and test maintenance perfOrmance and operational readiness in an 
aircraft squadron. 1bis program can quantifjr the cost of human errors and maintenance 
acauacyanditsimpactonotherfi.ctorsofmaintenance(i.c.,consumptionofspares.misscd 
~tim.z, delay, aborted missions.) This information is helpful since human errors are 
diffirulttomcasureandcvaluatesincctheyareinteraccivewithothertypesoferrors,andnot 
easily traeed by conventional analysis. 

Comruter program to automate and perfOrm economical scheduling of maintenance tasks. 

KIM Royal Dutch Airline 

1986 

Aitline-<levdoped computer program with applications fur aircrafr maintenance task 
scheduling, uses minkomputer based system. 

12. APU MAID -AUXIllARY POWER UNIT MAINTENANCE AID and MAIDEN 

FUNCTION Auxiliary Power Unit Maintenance Aid (APU MAID) sofiwrue assists the flightline 
technician in performing test, fault detection, fault isolation and repair of the C.l30 .APU. 
Sofiwrue is hosted on a portable, computer called, MAIDE.J."J, which is specifically designed 
for this use. 

DEVFLOPER 

UFE 

DESCRIPTION 

Allied-Signal Aerospace Co., Teterboro, NJ 
1987 

The APU MAID is an expert system based job perfOrmance aid which uses heuristic and 
logical reasoning. It was developed fur the C.l30 aircraft auxiliary power unit. System is 
designed to be useful on the maintenance flight-line in APU diagnostic, fuult detection, 
isolation and repair. It is used in conjunction with a specifically designed computer, called 
MAIDEN (MaintenanceAid Engine). The computer is light-weight, portable, and battery 
operated. 
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13. ASMT- AIRCRAFI' SIMULATION MAINTENANCE TRAINERS 

FUNCTION Computer driven sirnubtor to nain and certifjr C-!7 maintenance personnd. 

SPONSOR USAF 

DEVELOPER ECC International Coqx>ration 

UFE 1989 

DESCRIPTION 

I4.ATEOPS 

FUNCTION 

SPONSOR 

UFE 

DESCRIPTION 

15. ASfROLOG 

FUNCTION 
engine maintenance. 

SPONSOR 

UFE 

DESCRIPTION 

AirFon:eAeronautica!SystemsDivisionaw:udeda$138-milliollCOntraafor5C-17 Aircrafi: 
S"unulation Maintenance Ttainers. These will provide computer-aided instruction to the 
maintenance ttainee personnel. ~ nainer will have twel-.•e separate training devices that 
replicu:e the C-17s systems. 

Expert systems US«< to direct au~omatictest equipment !Or testing ofF-15 fighter han:l.ware. 

USA 

1985 

ATEOPS, ATEFEXPERS and ATEFATUS are three c:xpert systems used to control 
Automatic Test Equipment (ATE) by troubleshooting the converter programmer power
supply ard on the F-15 aircraft. ~ system uses a sp«ific knowledge base with tests 
particular to the specific circuit being tested and the test requirements. ~ includes a 
consttaintpropagatedfiamesystemthatallowsenhancedcontrolbycreatingcodeintheAdas 
prog=uninglanguage, checkingt.ltecodeforgood fOrm, controlling theA TEand changing 
the test sequence as needed. 

Early demonstration to integ=e ground based computers and airborne data recmders fur 

American Airlines, Mai."ttenance and Engineering Center, Tulsa, OK 

1967 

Astrolog is an inttgtated system for engine maintenance. The engine maintenance recon:ler 
portion of the data system consists of !Our major components: airborne magnetic data 
recon:le!S,ronventionallongdistancetdephonedatatransmissionlinks,centtalizedground 
based romputer romplcx, and romputer programming which permits automatic diagnosis 
of engine health, fiwlt identification and measurement of the urgency of such con=ive 
action. 

16. ATE's for AH-64 HEllCOPTERS for use atAVIM-AVIATION INTERMEDIATE MAI!I.'TENANCE 
UNITS. 

FUNCTION 

SPONSOR 

DESCRIPTION 

Auto!I'.atic testing units designed to test and diagnose firults on components removed fiom 
Army hdiropter AH-64. 

Army 

Computer-<lriven auto marie test equipment designed fur shop use to test and diagnose faults 
i:1 Line Replaceable Units removed from the helicopter. 
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17. AUTOMATIC TEST PROGRAM GFNERATOR (ATPG) 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

Knowledge-based interactive editor 

Warner Robins Air Logistics Center (WRALq 

Air Force Institute ofT ..:hnology, School of Engineering 

1986 

DESCRIPTION Aprototypeknowledg<:-basedautomatictest progtam generator (A TPG) has been developed 
which uses a special language to operate automatic test equipment. The A TPG is an 
interactiveeditorthatwill enablethesoftwareanalysttowrite axles effectively and efficiently. 
It will also aid the software development pro=s by reducing the amount of time used in 
software maintenance and modificarion. The A TPG prototype is used in selected tests 
perfOrmed on a romponent of the F-15 aircrafr. 

l8.ATSJFAIII-AUfOTESTSYSTEMFORJETENGINEASSEMBUES 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

System to test overhauled engines. 

Air Force 

Advanced Technology and T c:sting, Inc., Michigan 

1989 

This system is designed to test overhauled fuel assemblies fiom Allison T56 turboprop 
engines powering USAF C 130K transports. This product, presently in its third generation 
includes a new software generated progtammingtechniqueto perform necessary adjustment 
diagnostics and prompt the operator as necessary. 

19. AVID-AUTOMATIC VIBRATION DIAGNOSIS SYSTEMS 

FUNCTION Vibration data extraetion fiom gas turbine engines. 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

USAF 

Mechanical T ..:hnology, Inc., Latham, New York 

1983 

Automated vibration clara extraCtion system was developed fur jet transport overhaul centers. 
AVID automates troubleshooting pi'OCfdurc:s for fully assembled gas turbine engines. High 
frequency vibration data is c:xtr.~eted from existing standard instrumentation and provides 
input to a specialized symptom/fault matrix. Malfunctions are detected and assigned to a 
particular clara set, with rortections detailed. 

20. BRAD -BRilliANT REUSABLE ADA DIAGNOSTICIAN (REUSED SOFIWARE) 

FUNCTION 

SPONSOR 

UFE 

DESCRIPTION 

To assist a novice munition maintenance technician in. various systems and components. 

Air Force Munitions Systems Division 

1989 

System in development which intends to demonstrate the applicability of model based 
=soning and the concept of sofrware reus.!. The goal of the work is to enable a novice 
maintenance munitions technician to perform fault isolation and diagnostics in electronic, 
dectro-mechanical, and mechanical fau!ts using schematics and design data. 
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21. CAD--COMPlJfERAIDED DESIGN 

FUNCflON To sueamline aircraft mainten;lllce ;llld repair. 

SPONSOR 

DEVELOPER 

DESCRIPTION 

US Naval Aviation Depot, Cherry Point, NC 

McDonnell Aircraft 

This system aids US Marine personnel to troubleshoot mainten;lllce functions by having 
direct access to drawings and engineering information of the builder/ designer of the AV -8B 
Harrierii short uke-off and vertical l;lllding aircraft. Computer drawings and data for 
stru<:au:al repairs are updated every three months, as is stress analyses and wiring diagrams. 

22. CADS-COMPlJfERAIDED DIAGNOSTIC SYSTFM 

FUNCflON Demonstration of diagnostic system application to the H-34 helicopter. 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

US Navy 

Naval Postgraduate School , Monterey, California 

1987 

Prototype to demonstrate feasibility of applying expert systems technology to the H-46 
helicopter maintenance process. This is known as a micro computer based prototype called 
CADS, Computer Aided Diagnos~ic System. The complexity of the helicopter system 
diagnosis, inadequacies of the maintenance manuals ofi:en result in unnecessary removal of 
systemcomponents. ThediagnosticsystemfonheH-34isproposedtoaddacomprehensive, 
stable knowledge base not dependent upon particular personnel for capable repair. 

23. CALS-COMPlJfERACQUISffiON AND LOGISTIC SUPPORT 

FUNCflON DOD and industry strategy for the transition from paper-intensive a<XJuisition 
and logistic processes to a highly automated and integrated mode of operation 
for the weapon systems of the 90's. 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

US Department ofDefense and Industry 

US Department of Defense 

In September 198 5, Deputy Secretary of Defense approved recommendations of a DOD
indusuytaskfon:eon CALS. MIL-M-2800 1 was published February 1988. In August, 1988, 
another memorandum was issued stating that major steps had been taken towards routine 
conuactual implementation ofCALS through out DOD andindusuy. The memorandum 
upheld the issuance of standards for digital data delivery and required technical data in digital 
form for weapons systems in development in FY 1989 and beyond. 

CA1S addresses the generation, access, management, maintenance, distribution and use of 
technical data associared with weapon systems. This includes e!.gineering drawings, product 
definition, and logistic support analysi> data, technical manuals, training materials, technical 
plans and repons, and operational feedback data. The CALS system will facilitate data 
exchange and access, and reduce duplication of the data prepararion effort. Additionally, 
CAlS provides the fi:arnework for integration of other automation sy>rerns within DOD. 
The cornerstone standard for the interchailge of textual technical in formation is MU.,.M-
28001. 
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24. CAMS-COMPUTERIZED AUTOMOTIVE MAINTENANCE SYSTEM 

FUNCTION 

SPONSOR 

DEVFLOPER 

liFE 

DESCRIPTION 

25.CATS.l 

FUNCTION 

SPONSOR 

DEVELOPER 

liFE 

DESCPJPTION 

Automotive diagnostic system which em interf.tce with a remote mainfiame computer. 

Commercial 

General Motors, Buick Division 

1987 

Acomputerwithdiagnosticcapabilityusingthecarcomputer, built-insensors,andcircuits. 
The system can retrieve and store a ponion of data so that in tennittent problems may be 
analyzed, sometimes with the aid of a small ponable monitor hook-up. This system can 
interf.tce with the Buick mainframe in Michigan by telephone hook-up, if requiral. 

Locally, the CAMS machine consists of a touch screen command system, S'> that it may be 
used by persons without computer background. Buick claims that 48% of cars repainxl 
without the system would return !Or the same type of repair; with the CAMS system, Buick 
claims that this was raluce to 8%, since the machine is particularly successful with small 
circuit analysis. ThissystemissimilartoFordMotorOASISsystem,andwillsoon be followed 
by Chevrolet, Pontiac, and GMC. and Oldsmobile. I tis noted that maintenance personnel 
were at first reluctant to use the machine because it did not have a manual operation mode; 
the maintainers wanted to assert control. Its use became more widespread as the manual 
mode was introduced. 

A ponable computerized troubleshooting system developai !Or large locomotive repair. 

Commercial. 

General Electric R=ch and Development Center 

Current 

This electrical and mechanical diagnostic system uses expert systems technology ccmbined 
with ponable computers for use on the maintenance floor. The system initiates diagnostic 
technique by supplying a menu of possible symptoms and then prompts a series of detailed 
queries. At appropriate point in the interaction, the user may call up from the computer 
memory, displays and drawings, photos or movies of the locomotives various components, 
locations and functions. As malfunctions are determined, repair instructions are provided 
on the video screen. 

This system uses a standard 16-bit microcomputer !Or infOrmation processing, additional 
memory !Or storing cxpen knowledge, a CRT, :. printer, a video disc player and monitor !Or 
demonstration of repair procedures. 

CAT -1 is cunencly in use at GE locomotive repair facilities nationwide. 

26. CCP-CONTAMINATION CONTROL PROGRAM 

FUNCTION To reduce unnecessary maintenance ::nd heavy-equipment downtime through progressive 
analysis of various non-engine lubrication and ma;ntenance schedules. 

SPONSOR Mobil Oil 

DESCRIPTION Samples of engine lubrications are mailed to Mobil's Kansas City L..boratoty and analyzed 
fur Ie.cels of oxidation and sludge, viscosity, fuel dilution, din and glycol, water and wear 
metals. Lubricants are not changed until contaminated which also indicate the presence of 
or incipient maintenance actions. 
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Zl. C~OMPONENT CONTROL SYSTEM 

FUNCTION To improve communication between aviation maintenance, inventory and schtrluling 
departments without increasing data enny time. 

DEVELOPER 

UFE 

USAir 

1986. 

DESCRIPTION The C.:.mponent Control System, part of the USAir publicly marketed Merlin System, is 
used for , ime control processing, removaVinstallation and history processing for compo
nents, major assembly processing of subassemblies and fu=sting removal requirements. 

28. CEMS IV-COMPREHENSIVE ENGINE MANAGEMENT SYSTEM inaemcnt IV 

FUNCTION To support the on-condition maintenance philosophy, combined with portable decision 
support devices using diagnostics and trending analyses. 

SPONSOR 

DEVELOPER 

UFE 

DESCRIJYTION 

Air Force 

Systems Control Technology, Inc., Palo Alto CA 

1988 

A fielded expert system automates equipment for fault isolation, diagnosis, and trend 
analysis, and recommends col'l'CICtive maintenance action. This program is the standard to 
the Air Force base level maintenance. CEMS IV will be enhanced and fielded under the 
umbrella of Core Automated Maintenance Sys:em. 

29. CEPS- CITS EXPERT PARAMETER SYSfEM 

FUNCTION Maintenance diagnostic system 

SPONSOR 

DEVELOPER 

UFE 

Air Force 

Boeing Military Airplane Development 

1987 

DESCRIPTION CEPS couples expert system technology and conventional programming with a huge data 
base to provide a system which will assist maintenance diagnostics. This system incorporates 
'lvionics design knowledge, avionics maintenance expertise, and statistical analysis of past 
and present failure indicators to improve fault detection and isolation. A prototype is under 
development for the B-1 B. 

30. CITEPS -CENTRAL INTEGTRATED TEST- EXPERT PARAMETERSYSTE 

FUNCTION 

SPONSOR 

DEVELOPER 

DESCRIPTION 

System to utilize monitoring systems and built-in test systems on the B 1-B to perfOrm fault 
solation. 

US Air Force 

Wright Patterson Aeronautical Laboratory. 

This S"fstem is built upon previous technological systems developed for Air Force mainte
nance procedures, such as the Central Integrated Test :md Comprehensive Engine 
Monitoring System. This system receives data from these othcrsystemsandcombines it with 
apert technology derived <l irectly from the aperience of mechanics. It enables a less 
experienced mechanic to perfOrm advanced diagnostic analysis and maintains a higher 
production standard. 
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31. CITS- CENTRAL INTEGRATED TEST SYSTEM 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

On-board central diagnostic system devdoped for the B 1-B aircraft. 

USAF 

Rockwdl International Corporation, Los Angeles, California. 

1981 

The B 1-B Central Integrated Test System (CrrS) is the on-board test system for the B 1-B 
aircrafi and the avionics subsystems. The errs operates continuously and autmr:>tically in 
flight and on the ground to display performance and faults to the aircrew. It =ords 
approximatdy 19,600 paramete!S. Failed modes of operation are detected! recorded on all 
subsystems and faults are isolated to the line-replaceable-unit (LRU) levd. Three snapshots 
of all errs data paramete!S is recorded on magnetic tape for maintenance troubleshooting. 
The errs perfOrms pre-flight and postflight tests automatically. Reverification of systems 
and ground readiness tests an: conducted on individually selected subsystems at the opera
tors' request. This system was first developed for the B 1-A aircrafi, and refined for the B 1-
B aircrafi. 

32. CMS-{:OMPUfERlZED MAINTENANCE SYSTEM 

FUNCTION Serving 26 US Coast Guard aimations and repair and supply facilities in the United States 
and Puerto Rico. 

SPONSOR 

UFE 

US Coast Guard. 

1988 

DESCRIPTION The·Computetized Maintenance System uses a relational database running on a Digiral 
Equipment Corporation V IV( 8530. Real-time info=ation is providod on the status of 
more than 200 aircrafi, in addition to the identification of trends and problems. It is used 
for assistance in troubleshooting, system reliability analysis the recording and reporting of 
aircrafi data and the maintenance of records on airframes and components. The system 
functions by us= entering data into a commercial off the shelf terminal which is then 
transmitted via tdenet to the V IV( 8530 located atT amsco. Data integrity is maintained by 
a data enny system that automatically provides validation and cross checking. 

33. COMPASS- CONDIDON MONITORING AND PERFORMANCE ANALYSIS HOST SOFIWARE 
SYSTEM 

FUNCTION 

DEVELOPER 

UFE 

DESCRWfiON 

This is a ground-based engine monitoring program for general application to engines in 
service afier 1989, which integrates other engine monitors. This product is available from 
third patty vendors to respect the proprietary' information requited to implement the 
software. 

RoDs Royce 

Devdoped for use on new engine types entering service in 1989. 

Maintenance functions, including reduced cost of operation, increased utilization of 
resources, improved procedures a:nd increased visibility of engine and fleet condition are all 
more efficient due to built-in instrumentation to monitor performance of the unit, and more 
sophisticated computer system capabilities on the ground. The system supplies trend and 
operational monitoring information from four main areas (on-wing, ground, test cell, and 
maintenance action data) to a ground base, thus enabling early warning and maintenance 
decision a.-xl scheduling functions to be determined ab<ad of condition &ilure. Information 
regarding the operational parameters of the host engines and users must be fed into the 
system. 
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34. DC-9 REFRIGERATION SYSTEM DIAGNOSIS 

FUNCTION 

DEVELOPER 

UFE 

DESCRIPTION 

Early method of computer diagnosis in aircraft maintenance 

Eastern Airlinc:s, Inc., Miami, Florida 

1973 PA, 1973. 

A early method of instantaneous diagnostics DC-9-30 refrigeration systems using readily 
obtainable data. suitable algorithms of component performance comparing performance to 
perfOrmance standard. Variable conditions are factored in such as hot day conditions, and 
eff.cts of preventative maintenance procedur<S. 

35. DCS-DIGITALCONTROLSYSfEM 

FUNCTION 

DEVELOPER 

DESCRIPTION 

T decommunications-based diagnostic and support system 

Kearney & T reeker, Milwaukee. WI 

The DCS Analyst is a telecommunications-based diagnostic at.d support tool available to 
users of Gemini controls. This includes equipment manufactured by Kearney &Trecker, 
Cross, Swasey, Warner for milling, boring, and machining equipment and lathes. 

Used in conju!tction with a modern, commun.icarion may be <Stablished to DCS analysts at 

the firms' headquarters in Miiw-.ouk.,., and any Gemini-controlled machine, and thus control 
or monitor any machine function. The control system can set, alter, program sofiware 
uploaded/doY.nloaded, condition of the machine checked, ;md mai.ntenance levels estab
lished. 

Support is established by using the particular uni~:;' own ser.r.ce histmy as well as the histol)' 
of other machinc:s stored in the DCS database. The tosers computer in.."")' be interrogated and 
control may be bypassed to t<St sections of the control individually. In addition, a specific 
machine will be analyzed for its' own fingerprint, which will enable the customer to develop 
an appropriate preventative maintenance program. 

36. DEOSION SUPPORT SYSTEM FOR DIAGNOSIS OF NC EMERGENCIES 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

System designed to sh.ow the feasibilil)' of expert systems technology utiiizi!'.g o::clsting on
board sensot5 to aid diagnosis of si.ngle and rompuund emergencies. 

US Navy 

Naval Postgraduate School, Monterey, CalifOrnia 

1986 

This system was developal. to demonstrate the feasibilil)' of using on-board sensors, specific 
knowledge bases with penonal romputer implementation, to assist :h~ ir=.'i cre'!! to 
rc:spond to single and compound emergencie5. The platform fur the demonstration was the 
AH-1 T attack helicopter. This system quantific:s the information and respondent knowledge 
required to define emergencic:s. 

37. DIAGNOSTIC DATA RECORDER 

FUNCTION On-Line computeri=i diagnostic tool used in the automotive industry. 

SPONSOR General Motors -Buick 

DESCRIPTION An on-line diagnostic tool installed on cenain cars. This system records various indicarors 
of 26 engine functions. When the auto is referred for service of an intermittent or other 
problem, the data recorder may be hooked up by modem w enable t.he dara log to be 
examined,comparedtoheuristicdataandf.tu!tdiagnosed. Suchitemsasenginetempe..-..rure, 
02 sensor, timing, and air-fud mix control, are checked. 
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38. DIAGNOSTIC EXPERT SYSTEM FORAIRCRAFf GENERATOR CONTROL UNIT 

FUNCTION A generic, diagnost:C expett system for generator control units. 

DEVELOPER Westinghouse Electric Corporation, Uma, OH 

UFE 1988 

DESCRIPTION This system may be applied to different devices. Modularvariable-speed/ constant frequency 
generators families are organized by standard modules to enable expert system technology to 
be applied. A general diagnosric expert shdl is devdoped that will guide troubleshooting 
procedures of modules and line-teplaccable units. System is applied to the generator control 
unit and may be applied to other types of units by incorporating device-specific rules from 
expert personnel. 

39. DMMI~DEPOT MAINTENA.lllCE MANAGEMENT INFORMATION SYSTEMS 

FUNCTION To improve Air Force maintenance depot planning and control functions. 

SPONSOR US Air Force, Wright Patterson AFB, OH 

DEVELOPER 

UFE 

DESCRIPTION 

Grumman Data Systems, Grumman Aerospace Corporation 

1988, still in devdopment 

This Grumman product "viii support Air Force maintenance depots engines, all types of 
aircrafr, cargo. instruments, avionics, landing geat and accessori~. and communication 
systems. It endeavors to improve planning and control functions of scheduling. workload 
planning, inventoty control, productivity and planning and operational readiness. In 
addition. it will provide on-line data access and user interaction. 

The DMMIS system is sofiware intensive using commercial off-the-shelf sofiware manage
ment systems to replace an existing 1500 computer programs. It will cluster all systems of 
m;o_p.::ganent (mmerial requirements, work order generation, logistics, budgeting, time and 
attendance, job co.tt, quality management, etc.) to reduce ~rive data entry and systems, 
increase amounts and variety of available information. 

40. DODT-DESIGN OPTION DECISION TREE 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE. 

DESCRIPTION 

A method for systematic analysis of design problems ..,,d integration of human 

fuctors data. 

US Alr Force AFHRL, BnX>ks Air Force BAse, T A. 

Systems Research Laboratories, Dayton, OH. 

1974. 

This method is represented by a schematic format termed the Design Option Decision T rec. 
It displays the various design options available at each decision point in the design process. 
Note tbu this system is not only applicable to aircrafr systems, although the system is 
modelled on aircrafr design problems. The user specifies design goals, and among the various 
design par.~.meters are human f.Ktors considerations. 
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41. EASTERN AIRLINES COMPUTER SYSTEM 

FUNCTION Maintena11ce planning and scheduling 

DEVELOPER EastemAirln<S 

DESCRIYITON Use of a combination "f mini and mainframe computers have improved 

Eastern's productivity and costs, allowing a reduaion of three aircrali: assigned to periodic 
service. Thissystemwaspattirularlyu:;efulwhenthecompanyhadaknownpartsshortage
so that unnecessaray assigning the wrong aiterali: this part would cause cancelled flights. 

Computer infOrmation is ttanSfi:m:d directly to the shop 6.oor, and in bases where the 
maintenanceoperatiollSdonothavead<Signatedcomputet,infonnationmaybesentviathe 
computers used at ramp ar.d customer service depa!tments. 

Capacity planning chores are also petfonned. Management can calculate the eff<ets ofline 
slippage. schedule constraints and workload/manpower planning. as well as modificarion 
impaa assessment. 

This computer system follows the recommendations of the ATA which specified that 
maintenanceandengineeringmusthavededicatedcomputersandstaffusingfullyintegtated 
systems avillable at the work areas using on-line data systems. 

42. ED/CEMS ENGINE DIAGNOSTICS/COMPREHENSIVE ENGINE MGMT SYSTEM IV 

FtJNCTION Platform used for applicationssuchasXMAN, used in jet engine diagnostics to support on
condition maintenance pha<lSOphy. 

DEVELOPER 

LJFE 

DESCRIYITON 

Systems Control Technology, Palo Alto, California 

1986. 

An expert system that automates equipment used fur diagnosis of anomalies in engine 
operations based upon prescriptive paran1etets. Fault diagnosis, trend analysis and recom
mended corrective actions are feanm:s of this system. This system is a knowledge-based 
system composed of three modular software element: a knowledge base, a data base, and a 
control system. 

43. EDS (ENGINE DIAGNOSTIC STS) FLT EVALUATION AIR FORCE 

FUNCTION Engine diagnostics and trend monitoring 

SPONSOR Air Force Aero-Propulsion Laboratory, Wright-Patterson AFB, OH. 

DEVFLOPER McDonnell Aircrali: Co. 

DESCRIYITON In the F!5/FIOO Engine Diagnostic System Flight Evaluation, data was colleaed to veruy 
gas turbine engine f.wlt detection/isolation and health trending algorithm employing gas 
path analysis. 

44. EIATS-EXPA."lDED UITON AUTOMATED TEST SET 

FUNCTION Automated test systems for various llighr functions. 

DEVELOPER Litton SJ'stems Canada 

DESCRIPTION The Expanded Litton Automated Test Set is a comprehensive automated test system for 
radar, communicatior.s, microwave, electronic warf.ue systems and advanced depot-level 
support maintenance. It is designed as an inexpensive means forintennediateand depot-level 
support maintenance, combining existing instrumentation with a general design approach. 
The RF-EIA TS can automatically simulate a variety of scenarios, modulation and noise and 
diagnose f.mlts on the weapons replaceable assemblies. It also has built-in test routines and 
rransrer standards and test subroutines. 
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45. EMIPA-MOBIL OIL ENGINE MAINfENANCE THROUGH PROGRESSIVE ANALYSIS 

FUNCTION To reduce unnecessary maintenance and heavy-equipment downtime through progressive 
analysis of engine oils and maintenance schedules. 

DEVELOPER 

DESCRIPTION 

MobilO'J 

Samples of engine lubrications are mailed to Mobil's Kansas City Laboratory and analyzed 
fur levels of rnridation and sludge, '".scosiry, fuel dilution, dirt and glycol, water and wear 
metals. Lubricants are nm d!ar.ged until contaminated which also indicate the presence of 
or incipient maintenance actions. 

46. E'ITR- ENGINE TIME TRACKING RECORDER 

FUNCTION 

SPONSOR 

DEVELOPE.Jt 

UFE 

DESCRIPTION 

Part oflarger system th;;t monitors time and temperature of engine operation. 

Air Force 

General Electric Co., Aircraft Engine Business Group, Lynn, MA. 

1979. 

This system is one component of the Parts Life Tracking System is an engine time
temperature recorder system. Based on the on-condition maintenance, the recorder 
monitots operations and compares ir to a set of designared parameters of satisfactory 
operation. The Pans Life Tracking System manages the TF34-l 00 engine in USAF! Al 0 
aircrafr. 

47. EXPERT SYSTEM FOR MAINTENANCE DIAGNOSIS 

FUNCTION 

Sl'ONSOR 

UFE 

Seif repair of digital control systems. 

US Air Force, Air Force Flight Dynamics Laboratory, Wright Patterson AFB, 

Ohio 

1983. 

DESCRlPTION Using statistics collected from banle damaged repair history, i.e., from Southeast Asia, 
Fallcland Islands, and Israeli data, r.'>e self-repairing concept was explored toward develop
ment of the diagnostic data !expert knowledge systems fur maintenance diagnosis. 

48. FAMIS- FIELD ASSJIT MANAGEMENT & INFORMATION SYSTEM 

FUNCTION 

DEVELOPER 

UFE 
DESCRIP'nON 

CD-ROM based information retrieval system 

Image Storage!Retrieval Systems ISIRS 

1989 

F AMIS is a field support tool fur the gas, dearie telecommunications and nuclear utility 
industry. Data is srored on CDs and enables field support personnel to access infOrmation 
such as maps. manuals, work orders and bulleti !!>. It also collects data from the field fur 
mnsfer to the home office via floppy disk or through the built-in modem. 
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49. FAULT ISOlATION-BITE 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

N= generarion of built-in test equipmenL 

US Air Fora: 

Boeing Commercial Airplane Company. Seattle 

1982 

DESCRIPTION Built-in test equipment developed for the Boeing 757 and 767 aircrafi allows f.rults w be 
dc:teaed to the line replaceable unit levd of maintmana:. Tnis enension to beginning f.rult 
isolation test equipment is designed for the mechanic's needs, as opposed to the engineer's . 
Intermittent fuults will be detected. This is expected to lead to greater maintenance bay 
productivity, improved schedule reliability and decreased maintenance cc.'L 

50. FCMDS-FUGHT CONTROL MAJNTENANCl' DIAGNOSTIC SYSTEM 

FUNCTION Diagnostic system for maintenance of Hight control systems. 

SPONSOR 

DEVELOPE.'! 

UFE 

US Air Force, Wright Patterson Aeronautical Laboratories, Wright-Patterson AFB, Ohio 

Honeywell Systems and Research Center, Minneapolis, MN 

1988 

D ESCR.IPTION Determination of maintenance diagnostic approaches hos led to the ,l_~elopment of flight 
control system diagnostics which will enhance the organizational-level technicians. 
Maintenance productivity improves as shop reliability and work load scheduling are able to 
improve. The system is composed of two pans: imbedded diagnostic sensors on the aircraft, 
and a computerized ground base system to extrapolate and test on-board generated data. 

51. FLIGHfDATARECORDINGSYSTEMTECHNOIDGY-FAULTTOI.E..~ 

MULTIPROCESSOR FORAIRCRAFf SYSTEMS 

FUNCTION 

UFE 

DESCRIPTION 

Computer architecture 

1988 

FfMP, Fault Tolerant Multiprocessor is a digital computer architecture evolved over a ten 
year period. Its application to several life-critical :ierospace systems, notably, as the f.tult 
tolerant centtal computer for civil air transport applications. The design is based upon 
independent proce;sor-cache memory modules and common memory modules which 
communicate via redundant serial buses. All information processing and transmission is 
conduaed in tripli=e so that local voters in each module can correa errors. Modules can 
be n:rired and/or reassigned in any configurations. Reconfiguration is carried out routinely 
from second to second to search for latent f.tults in the voting a.'ld reconfigutation dements. 
Joi>assignmentsareallmadeonaf!oatingbasi<;,sothatanyprocessortriadiseligibletoaecute 
any job step. The core software in the FfMP will handle all f.tult detection, diagnosis, and 
recovery in such a way that applications programs do not need to be involved. 
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52. RJZZ¥ DIAGNOSTICS 

FUNCTION 

SPONSOR 

UFE 

System to assist diagnosis offuults difficult to describe in aircrafi: hydraulic systems. 

Peoples Republic of China 

1986 

DESCRIPTION Aircrafi: hydraulics systems, thedrivesystemswhich control attitude, e><tension and rer!'3Ction 
oflanding gear, and wing flaps, a.re composed of many patts. These :rre complex systems and 
often give tise to puzzling limits that are difficult to reenact and difficult to describe. Th~ 
applications of comput= in fuult diagnosis can increase precision and speed so as to 
conveniently amy the prerequisites which create t..,e fault. The causes of system faults a.'ld 
the appearance of symptoms have a random or fuzzy nature. This system takes natural 
language and transforms it into machine language and crystallize hu:nan experie11ce to 
simulareafuzzyinferencesystem. Thecharacteristicnarureofthesystemisfirsttosdectftom 
eventsasetofsympromsandcau..ccsofmodelfaulteventsandstoretheminacomputer. Then 
during diagnosis a symptom is matched to a known fuult to determine cause. 

53. GATEKEEPER (PROGRAM), TEXAS AIR 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

Helpsairlinemanagerscootdin:.teandmaintaingareschedulesinresponsetochangingflight 
schedules, aitcrafi: routings, weather and aiiport conditions. 

Texas Air 

T cocas Air System One, Houston, TX 

1989 

This is a V AX-based expert system designed to alleviare effects of, and causes of, airport 
congestion. Thisisanintelligenr,USP-baseddistributedsystemthatisopetaredonaUNIX-
based workstation in theX-windowsenvironmenL It is connected viaEthemetto a telarional 
database management system ftom Orode on a VAX or 30386 database server. 

GareKeeper coordinates flight operations and gate assignments in such locations as Conti
nental (Houston, Newark and Denver), a.'ld &stem(Mi2llli). It is currendy being mar
ketedworld-wide. Theobjectiveoftheprograrn is to improvecfficiencyand reduce operating 
costs. It uses artificial intelligence and incorporates four types ofinfurmarion: monthly and 
up-to-the-minute flight schedules, routing of aitcrafi: for maintenance, flight infurmarion 
ftom each airline, and passenger information. The system is fuult tolerant with triple 
redundancy and designed to reduce an airline's dependence on mainfiame nerworks. 

The system has predictive capability and may therefore avert potential crises by showing a 
manager the consequences of certain assigmnents. 

54. lEIS- INTEGRATED ENGINE INSTRUMENT SYSTEM 

FUNCITON Computer driven display and processing instrumentation system used to monitor aircrafi: 
engine conditions. 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

Naval Air Development Center, Warminster, PA 

GE, Wumington Mass Aerospace Instruments 

1973 

The Integrated Engine Instrument System (lEIS) is primarily conce.-ned with the monitor
ing of aircrafi: engine conditions in response to the needs of flightcrews and maintenance 
personnd. 
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55. IFL--INfELUGEL'IT FAULT LOCATOR 

FUNCTION Designed to diagnose problems with the AH-64A Attack Helicopters. 

SPONSOR :JS Army 

DEVELOPER McDonnell Douglas Helicopter Co. 

liFE 1988 

DESCRIPTION US Annys ccpen system used on th<: PJ-I-64A helicopter diagnosed f.mlts on fuur of the 
eighteensysternswith96.3%accur.IC}",andreducedbyhalfthetimerequitedto!ocatef.mlts. 
The system was developed on aT= Instruments Explorer symbolic processing worksta
tion. 

56. IMIS- INTEGRATED MAINTENANCE INFORMATION SYSTEM 

FUNCTION 

SPONSOR 

UFE 

DESCRIPTION 

Integrates technical data collecred fiom several sources and delivers that information in a 
practical form totheflight-linemaintenancetechnician performingf.mltisolation procedures 
in a convenient and portable mode. 

US Air Force Human Resources Laboratory 

1982, ongoing 

It uses a hand-held rugged computer for use during diagnostic maintenance, an aircr-.Jt 
maintenance pa.,el connected to on-board comput<"'l; and sensors, a maintenance worksta-
tion connected to various ground based computers systems, and sophisticated integration 
software which combines information from these various sour= and presents data and 
conclusions to the maintenance technician in a consistent and practical manner. Funaion
ally, this system includes technical data, training, diagnostics, management, schedilling and 
historical data bases, and transmits such data to the flight-line. 

This system is consistent with technologies developed as Core Automated Maintenance 
System (CAMS), Automated Technical Order System {ATMOS) Phase N, Integrated 
Turbine Engine System (ITE.>vfS} and a variery of Automatic Test Equipment. 

57. INS-FMMS-INERTIAL NAVIGATION SYSTEM 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

Inertial system fuult analy!;is and management system to er.hance US Army avionics. 

US Army 

McDonnell Aircraft Company, St. Louis, Mo. 

1984 

The purpose of the Inertial Navigation System-Fault Analysis and Management System is 
to implementartificial btdligencein fighteraircrafravionics. Thish:as theefrect of enhancing 
the availabiliryto mission and accuracy of the inertial navigation system. Inertial Navigation 
System fuilures areofi:en difficult to isolate because the are related to incorrea procedures or 
non-repeatable conditions. The ccpert system identifies fuilures through the analysis ofkey 
fuilurepaths, field maintenance data, and simulation testing of various mission profiles. The 
system is based upon blacid>oardarchitectureandhasthreedivisions:currenthypothesisand 
permanentknowledg::,knowledgesourcedemonssean:hing for an antea:clentto be true, and 
a prioriry based scheduler. 
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58. IN-ATE- INTElliGENT AUTOMATIC TFST EQUIPMENT 

FUNCTION A f.mlt diagnosis expert system environment. 

DEVELOPER Automa!ed Reasoning Corp. New York 

liFE 1987 

DESCRIPTION IN-ATE is a f.wlt diagnosis expert system sofiwa_re environment that is designed to m:luce 
test-program devdopment-time and test program run-time. 

59. INTEGRATED TURBINE ENGINE MONITORING SYSTEM 

FUNCTION 

SPONSOR 

liFE 

Complex: engine diagnostic sy.tem. 

US Air Force Wright Patterson Aeronautical Systems Division 

1986 

DESCRIPTION Successortothe T urbineF.ngineMonitoringSystem, used on the TF34and the F-15 Engine 
Diagnostics System, and the T-38 trainer Engine Health Monitoring System. 

60. INTERFACE II- ADVANCED DIAGNOSTIC SOFIWARE 

FUNCTION Software appends software capabilities of various systems. 

SPONSOR 

DEVELOPER 

liFE 

DESCRIPTION 

US Air Force. 

General Flearic Co., Cincinnati, Oh. 

1988 

Interface n is a system of software designed to enable other systems to ex:tend capability into 
new domains. An ccampleofthis system is JET-X.asystemdevelopedtocoorclit1ate Turbine 
Engine Monitoring Systems and Comprehensive Engine Monitoring Systems (fEMS and 
CEMS, tespectivdy) to ex:tend its diagnostic and troubleshooting capabilities :md to allow 
use of the machine for training purposes. 

61. IRAN-INSPECT AND REPAIR AS NECESSARY 

FUNCTION Maintenance philosophy and management fi:unework. 

SPONSOR US Army 

DEVELOPER 

DESCRIPTION 

Rand Corporation 

The Inspect and Repair"' Necessary concept demonstrated in the early ph..... of comput
erized maintenance planning and aircraft inspection capabilities. The system was demon
strated on the F-1 06 aircrafi, and ped'ortnance efrects of the program were measured on t.'>e 
ADCM 66-28 paran1eters. The system was shown tc l-·"'e ambivalent effect; aircrafi was 
neither received in a state of necessicy, and procedures did not augment its rdiabilicy or in
service time. 

62. INTEGRATED TESTING AND MAINTENANCE TECHNOLOGIES 

FUNCTION 

SPONSOR 

DEVELOPER 

liFE 

DESCRIPTION 

To receive and extr:Jct from data information required to troubleshoot interactive aircraft 
systems. 

Air Force, Wright Patterson Air Force Base, Ohio 

Boeing Aerospace, Seattle, W...bington 

1988 

Technology which will enable coordination of various on-board and ground support 
systems. The multitude of systems rovered partially or entirdy by particular avionics leads to 
a vast amount of replication of processing and software unless integrated. Maintenance 
ground support diagnosis also entails replication. 
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63. IUSM - INTEGRA TED UTiliTIES SYSTEM MA.'IAGEME.."''T SYSTEM 

FUNCTION Integrates aircraft utility systems onto a rommon data bus. 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

64.JET-X 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

US militaty 

Smiths Industries 

1986 

The ISUM was developed on the Experimental Aircrafi Program(FAP). The system 
rombines the fud management, hydraulics, engine rontrol, and environmental rontrol 
systems onto a rommon militaty standard data link. This system reduces system romplexity 
andalsoprovidesamethodbywhiehaCRTdisplaycouldbeintegr.ued,thusgivingthepilot 
quick access to data via sofi keys or menus. The system c:m be ronfigured so that any 
parameter which is out of tolerance is displayo:l as it arises. One of the main advantages of 
this system is a weight savings of 50% and volume savings of25% when comparo:l to ether 
systems. This in rum eases maintenance. 

Expert sys~em works interactively wid1 other systems. 

US Air Force 

General Electric Co., Cincinnati, OH 

1988 

DESCRIPTION Jer-X is a knowledge based expert system uso:l todiagncse and aid maintenance of the TF-
34jerengines installed on the USAF A-1 OAaircrafi!Thissystem usesinputfiomtheT urbine 
Engine Monitoring System (fEMS) installed on the airplane, and combines it with 
infOrmation retrievo:l from the CEMS (Comprehensive Engine Management System) 
database that is pa.'t of the computer ground support system. This rombination genee"ates 
alanr.swhiehactivatestheJET-Xanalyses. Troubleshootingproceduresareimbeddedinthe 
system for each type of alarm. In addition, "hdp"will assist the inexperienced technician so 
t!w it may be uso:l both as a flight line tool and a training tooL 

65. LAMP-LOGISTICS ASSESSMENT METHODOLOGY PROTOTYPE 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

Computer modd devdopo:l to assess technology effects of advanced USAF aircrafi support
ability and logistics requirements. 

US Air Force Integrated Logistics Technology Office 

Dynamics Rese:Lrch Corporation 

Fim: analysis performed in June 1936 investigato:l an advanced self-repairing flight control 
system. In August, 1986, the system demonstrato:l the effects of the incorporation of a 
particular radar system in an advanced aircraft. 

This computer modd is designed on the premise mat supportability of an item (sueh as 
advanced fighters) is as imponant as sueh factors as cost, performance and schedule. 
Embedded in the LAMPscfiwareare modds for cost, manpower, sortie generation andairlifi 
support modds. The USAF F-16 data is used as the reference s-ystem. The LAMP system 
runs on the logistics assessment workstation (LAWS). 
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66. LEADER 

FUNCTION 

DEVELOPER 

UFE 

DESCRIPTION 

07. LEADS 200 

FUNCTION 

DEVFLOPER 

LIFE 

Auto1Il2Iic, real-time diagnostic system 

Textron Lycoming 

1988 

LFADER i. an expert system that supporrs acceptance testing functions of gas turbine 
engines. The system aiCs in problem diagnosis byautomaiically analyzing engine parameters 
fur limit identification. It models the reasoning of an experienced engineer for a •pecific 
steady-state testing procedure with several hundred rules. 

Flight data recording system 

T echni.che Hochschule, Aachen Instrumentation for Jer Propulsion and T urbomachinery. 

1983 

DESCRIPTION The LFADS 200 flight data recording system was introduced into a Fl04G wing of the 
German Air Force in order to monitor :aircraft and engine maintenance. The main software 
routines in the system for engine data perfOrmance monitoring and litult diagnosi.. 

158. LIPS- LIST PROCESSING lANGUAGE 

FUNCTION Protorype Maintenance Expert System fur the CH-47 Flight Control Hydralic System. 

SPONSOR 

LIFE 

DESCRIPTION 

U.S. Army Research Office Dept. ofMechanical and Aerospace Engineering 

1986 

List Processing Language, or, UPS, i. a computer language used to litcilitatedata processinb 
dufin6 the hydraulic flight control system inspection of Boeing CH-47 helicopters. 

69. MACPLAN-MIIITARY AIRLIFf COMMAND PIAN 

FUNCTION Logistics support 

SPONSOR 

LIFE 

DESCRIPTION 

US Air Force Military Airlifr Command, Wright Air Force Base 

1989 

Thi. plan was developed with cost-containment specifically in mind. It is designed to help 
the Military Airlifr Command move large cargo quantities between the US and overseas 
bases. Faaors indudetypes ofavailableaircrafr, numbers offlights, routes, refueling and other 
adverse contingencies. Possible extrapolation to the commercial aviation field as logistics 
support for parts and replacement kit movement for all types service business. 

70. MACSPEC PGW- PORTABLE GRAPHICS WORKSTATION 

FUNCTION 

DEVELOPER 

LIFE 

DESCRIPTION 

CD-ROM based caralog. 

Image Storage/Retrieval Systems IS/RS 

1989 

PGWis a CD-ROM based system that is used by MackTrucksand their dealers to store their 
parts caralogs on CD-ROM. The system was to help the dealer find an specific part in less 
time. It was designed with a touch-sensitive screen, packaged for a hosrile environment, 
portabiliryforuseontheroad,andexpandabiliryforenhancementssuchasinvenrorycontrol. 
The system contained images and text. 
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71. MADARS-MALFUNCTION DETECTION ANALYSIS AND RECORDING SYSTEM 

FUNCTION 

SPONSOR 

DEVELOPER 

DESCRIPTION 

To provide engine analysis. 

US Air Force, Wright PattCiliOn AFB, Ohio 

Lockheed-Georgia, Marietta, Georgia 

C5A malfunaion detection analysis and recording system for on-board flight isolation of 
severnl funaions including engines. 

72. MACH-MAINTENANCE ACfMIY COMMUNICATIONS HISTORY 

FUNCTION To minimize aircrafi: maintenance downtime and improve communications between 
maintenance, scheduling, and inventoty without increasing data en tty time. 

SPONSOR 

DEVELOPER 

USAir, Pittsburgh, PA. 

The Maintenance Aaivity Communications Histoty system is used for aircraft histoty 
reponing and data colleaion, aircraft reliability reponing and control, and an interface fur 
line planning funaions. it also funaions as a communcations network fur maintenance and 
engineering. The system is an adjuna to the existing Merlin system. 

73. MAINTENA..'IlCE ANALYST 

FUNCTION System which uses Anificial Intelligence to troubleshoot an avionics subsystem on Sikmsky 
Blackhawk helicopters. 

SPONSOR US ARMY 

UFE 1986 

DESCRIPTION The Maintenance Analyst is a portable real-time consultant for field-level troubleshooting 
the SAS-1 avionics subsystem aboard tbe Sikorsky Blackhawk helicopter. This system runs 
on IBM compatible computers in USP (an artificial intelligent programming language) and 
is designed to reduce the time required to troubleshoot the system under test. 

74. MAINTENANCE DATA BUS MONITOR AND RECORDER (MfL.S'I'D-I553b) 

FUNCTION 

SPONSOR 

DEVELOPER 

DESCRIPTION 

Technologyofdatattansmissionwhichenablescontinuousdataflowfromamonitorsystem 
to the receiving recorder system. 

National Aeronautics and Space Administration, Washington 

Normalair-Garrctt Ltd., Yeovil, England 

The use of data buses fur communication creates the need fur the monitoring and colleaion 
of data fur a variety of purposes including trend data for analysis of databus or subsystem 
perfOrmance, as well as diagnostic data n:lating to continuous or intermittent fuilures. The 
technology also created the need fur data monitoring and recording systems with redundant 
data buses. 

75. MCS-MODIFICATION CONTROL SYSTEM 

FUNCTION Used for aircraft modification and development, status update and reporting, workload 
planning and scheduling. 

DEVELOPER USAir, PittsbUigh, PA. 

UFE 1986 

DESCRIPTION This system part of the larger Merlin System developed by USAir to improve efficiency and 
communications between all phases of maintenance. 
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76. MDC-USAF MDC-US AIR FORCE MAINTFNANCE DATA COLLECTION SYSTEM 

FUNCTION Provision of a limited number of measures to access fleet condition and identifY likely 
candidates fur reliability and maintainability improvement. 

SPONSOR 

DEVFl.OPER 

DESCRIPTION 

US Air Force 

RAND Corporation, Santa Monica, California 

The Air Force has determined that the maintainability of products and systems is as 
important as othet utility and ccst filctors; hence, the development of a set of parameters, 
organizedintotheMDCsysrem, toenabletheusertodeterminewhic:hareasofthepurview 
are likdy candidates for impovement in reliability and maintainability. Since the program 
looksarsubeystems,abettet-than-averngeund=tandingofmainte<lancedatacolleaionand 
base-level maintenance syste ;ns is ""'uired to manage this complex system. The system 
provides the user with condenseri organized data so that decisions and actions may be funhet 
determined. 

77. MDIS-MAlNTENANCEAND DIAGNOSTIC INFORMATION SYSTEM 

FUNCTION Generic model-based expert s-tstem for use in maintenance. 

SPONSOR US Air Force 

DEVELOPER Boeing Aerospace Co., Boeing Military Aircraft Div. 

UFE 1986 

DESCRIPTION Soliwaresysrem witl1 capability ofbuildingadescription of any type of equipment, currently 
used in the Portable Computet-Based Maintenance Aid System (PCMAS) being built by 
Boeing fur the US Army. 

78. MERL1N SOFIWARE 

FUNCTION Software package matketed by USAir to improve the efficient performance and communi
cation among operating departments of aviation maintenance organi:zmons. These depart
ments include maintenance, overhaul, so'leduling, shops, and inventory. 

DEVELOPER USAir, Pittsburgh, PA 

UFE Since 1986. 

DESCRIPTION The Medin software pacbge devdoped by USAir is composed of five manogement 
infOrmation systems which integrate various aspects of aviation maintenance. These include 
MACH (Maintenance Aaivity Communicttions History), CSS (Component Control 
System}, MCS (Modification Control System}, MSCS (Material Services Control System). 
Several carriers have aequlred this software. Among them are Fed eta! Express, Aeromexico, 
Kuwait Airways, C:mteroon Airlines, BWIA International Airline, Ansett Airlines, T utkish 
Airlines, ur A and Flying T Jgers. 

79. MICROFICHEMAINTENANCEMANUALSTORAGEA.'IDRETRIEVAL 

FUNCTION 

SPONSOR 

DEVFLOPER 

UFE 

DESCRIPTION 

To store maintenance manuals in microfiche fOrm for ddivery to maintenance areas and 
airline shops throughout the US. 

Ddta Aidines 

Minolta Corp. 

1985 

Job perfOrmance aid which supplies bulky compendiasudt as airplane maintenance manuals 
in microfidte form. Readers used by Delta are the RP407 and RP407E reader-printers 
located in maintenance areas or airline shops and repair stations, allow standard, complere, 
and easy distribution ofinfonnarion whidt may need to be needed by various departments. 
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80. MIMS-MAINTENANCE INFORMATION MANAGEMENT SYSTEMS 

FUNCllON 

SPONSOR 

DEVFLOPER 

UFE 

DESCRIPTION 

To bridge the infOrmation assimilation gap between data acquisition and maintenance 
operations. 

US Air Force 

Systems Control Technology, Inc., PaloA!to, CalifOrnia 

1981 

The Turbine Engine Fault Detection a.,d Isolation Progmn Modd Development resulted 
in the Maintenance lnfurrnation Management System in 1981. Although the ocquisition of 
engine monitoring •ystems has been ef!Cctive in prototype and operation..! modes, it was 
determined that the ocquisition of data, although reliable, was not fOrmulated in a manner 
in which it could be utilized by the maintenance nunagement. There were no procedures 
fur integr.uing the data into the maintenance process. This systems attempts to resolve the 
complexity of int<gr.tting data received. The system establishes standatds fur >:=aging 
information flow effectively in the standard Air Force maintenance units. 

81. MSCS-MATERIAL SERVICES CONTROL SYSTEM 

FUNCllON 

DEVFLOPER 

UFE 

DESCRIPTION 

Computer software system to facilitate communication between material control, purdtar 
ing, planning, receiving and issuing functions in an aviation maintenance organization. 

USAir, Pittsburgh, PA 

Since 1986. 

This software system is a component of the Merlin package, which include MACH, CCS, 
and MCS. This phase of the system is used in material control, planning, purchasing, 
receiving and issuing functions in aviation organizations. 

62. MAINTENANCE TRAINING SIMUlATOR-US ARMY 

FUNCllON Efficient, complete training fur specified aircraft or maintenance systems. 

SPONSOR US Army 

DEVELOPER BBN Llbor.nories 

LIFE 

DESCRIPTION 

1988 

Maintenance training simulators ar.: designed to reduce training com, reliance 

upon certain types of equipment availability, and condense training time with increased 
training efl<:ctiveness. As an example, the simulator developed for the F-16 fighter aircrafr 
environmental system has reduced eleven days overall training with one day hands-on, to 
seven days hands-on. This simulator, developed by BBN uboratories for the US Army is 
fOr the Sikorsky BlackHawkairdefensesystem radar. Using artificial intelligence, the trainer 
embodies the knowledge of an expert. It can be used to train or function as a diagnos-.ic tooL 

83. MULTIPLEFAULTDIAGNOSTICGASPATHANALYSISSYSTEM 

FUNCllON Demonstration of Hamilton Standard's Gas Path Analysis Technique. 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

Naval Air Propulsion Test Center, Trenton, Nj 

United Technologies, Windsor Locks, cr 
1975 

System demonstrates the results of Hamilton standard's gas path diagnostic system for a 
complex twin-spool mixed flow, va..;able geometry turbofan engine. Possible diagnostic 
routines are specified with sensor and control uncertainties. 
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84. NASA/US AIR FORCE SELF-REPAIRING FLIGHT CONTROL PROGRAM 

FUNCTION Airaafi self-diagnostics system. 

SPONSOR 

DEVELOPER 

UFE 

NASNUS Air Force 

General FJcaric 

1989 

DESCRIPTION TheSdf-RepairingFlightG>ntroiProgramwasdc:vdopedtoassistf.mltF..iluredetectionand 
maintenance. The program detects and identifies &ilures as they occur in-flight, thus 
diminatingthedifficultyofreplicating&iluresingroundtestsaftertheaircrafilands. General 
FJecrric has dc:vdoped an aircraft maintenance self-diagnostic system that will perform these 
in-flight tests on an F15 reseaidt aircraft. 

85. ORION 4400 AUTO TEST SYSTEM 

FUNCTION To maintain inenial navigation and airaalt management system. 

SPONSOR Japan Air Lines 

DEVELOPER 

UFE 
GECAvionics 

198 

DESCRIPTION The Orion 4400 is a system used to hdp maintain inertiol navigation systems and aircraft 
management systems. The equipment is of modular design and has self-diagnosing and self
repair capabilities. These systems arc used in production control and maintenance 
applications. 

86. PCMAS -PORTABLE COMPUTER BASED MAINTENANCE AID SYSTEM 

FUNCTION 

SPONSOR 

DEVFLOPER 

UFE 

Portable maintenance c:xpcrt system 

US Air Force 

Boeing Miliwy Aircraft G>mpany 

1986 

DESCRIPTION PortableComputer-BasedMaintenanceAid System, PCMAS, is maintenance system which 
utilizes c:xpcrt systems called MDIS. 

ffl. PLTS-PARTS UFE TRACKING SYSTEM 

FUNCTION System designed to manage on-condition maintenance. 

SPONSOR US Air Force 

DEVFLOPER General FJectric Corp., Aircraft Engine Business Group, Lynn, MA 

UFE 1979. 

DESCRIPTION The system is designed to support the philosophy of on-condition maintenan= 

The system manages maintenance oNSAF/Al 0 aircraft. Included in the overall >;stem are 
Parts Tracking Systems, and Engine Time-T em perature Recorder systems. The central data 
base includes a parts master file encompassing all designated parts entered into the system 
either as spares or as a part of the engine data. The PL TS requires data from the merhanic 
responsible furchar.gingparts (engine serial number, part serial number, location cfparrand 
dare, for example) and periodic reading and recording of information taken from the units 
at other times. 

152 

J 

1 

I 
I 
' 



Chapter FIVe Appendix 

88. PRISM- PRODUCi1Vl1Y IMPROVFMENTS IN SIMUlATION MODEIJNG PROJECT 

FUNCTION To provide a proof of roncept for an int<grated modd devdopment environment. 

SPONSOR USAF Air Force Human Resources Laboratory 

liFE 1988 

DESCRIPTION Event simulation models have been, and continue to be, major docisior. support aids in 
logistics capability assessment. Results of a survey conducted by the Air Force Human 
Resource Lab indicate a large amount of user dissatisfilction with various aspects of many of 
these decision support aids. The Prism project was created to address these problems by 
providing a proof of concept via a sofiw:ue environment. 

89. Q-GERT SIMUlATION LANGUAGE 

FUNCTION 

SPONSOR 

liFE 

DESCRIPTION 

90. RADstation 

FUNCTION 

DEVELOPER 

liFE 

DESCRIPTION 

Simulation language 

USAF 

1983 

QGERT is a simulation language that was used to devdop a modd that would determine 
B-1 B automatic test equipment station quantities required to support the B-1 B avionics 
components at base level. Two techniques were devdoped to derettnine test station 
quantities based on the modd output. The first technique was to buy sufficient test stations 
to achieve a four day maximum ba'le repair cycle time for the avionics components. The 
second t<d-.niquewas to conduct a cost-benefit analr.is by comparing the costs of additional 
test stations {benefits of a shorter tepair cycle times)to the benefits of fewer test stations (the 
costs of longer repair cycle times). The research effort provides a range of management 
options for consideration by the B-1 B System Progr;rn Office. 

Speech recognition-based radiology reporting system. 

Lmier Voice Produas 

1990 

TheRADstationisaradiologyn:portingsystemthatisbasedonaniBM-compatiblePCand 
Dragon Systems' speecl1 recognition tec:hnology. The soliware package is menu driven and 
contains an on-line vocabulary of30,000 words. This system enables the radiologist to read 
theX-rayandcalloutaparticularfinding. Thiswill ttiggerthesystemtoproducearomplete 
andformattedreportonthatlinding. Thereportcanbewrittenintooneoftheclrreea-Yailable 
levels of detail. This report can be sent to physicians quickly via computer network interface 
or by fux using a fuxfmodem. 

91. RF-El.ATS -RADIO FREQUENCY EXPANDED liTTON AUTOMATED TEST SETS 

FUNCTION 

SPONSOR 

DEVFLOPER 

liFE 

DESCRIPTION 

------

Test various systems/equipment ofF/A-18 aircraft 

Royal Australian Air Force 

Litton Systems Canada 

1987 

Radio Frequency Expanded Litton Automated Test Sets (RF-ELATS) performs compre
hensive tests and f.mlt diagnosis on radar, communications, microwave and Electronic 
Warf.rre (EW) equipment. The system utilizes a touch-sensitive screen, a keybo:ud a printer 
and a plotter. 
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92. RMMS- REMOTE MAINTENANCE MONITORING SYSTEMS 

FUNCTION Monitor, control and verifY remote equipmenL 

SPONSOR 

UFE 

FM 

1989 

DESCRIPTION The RMMS monitors, controls, and verifies the performance ofNational Airspace System 
equipment and sites. The program to modernize this isdesigned to centralize and automate 
thesystems' activity. Presently, thesystem issetupup in a master/ slave relationship. By 1995, 
the setup should be changed so that the controller transparently aca:sses the remote facilities 
through the main Advanced Auromarion System {the host system for air traffic). 

93. SAIFB-STRUCfURALAREA INSPECTION FREQUENCY EVALUATION 

FUNCTION 

DEVELOPER 

UFE 

To assist in the evaluation of proposed structural inspection programs for commercial jet 
transport aircraft. 

Technology, lncorporared, Dayton, Ohio 

1978 

DESCRIPTION SAIFEisacomputerprograrndevelopedtoassistmanagementintheevaluationofalternative 
structural inspection and modification programs. Its logic simulates various structural 
defects, f.Ulutes and inspecrions and their ramifications in five areas of control: (I) aircrafi: 
design analysis; (2) fatigue testing; (3) production, service, and corrosion defects; (4) 
probability of crack or corrosion detection; (5) aircrafi modificarion economics. The goal of 
this program is to quantifY the evaluation process currently used to establish and modifY 
inspection intervals fur commercial jet transport. 

94. SAMT- SIMULATED NC MAINTENANCE TRAINING 

FUNCTION To increase effectiveness of maintenance procedure instruction. 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

USAF 

Honeywell Training and Controls Systems Operations 

1982 

The F-16 engine diagnostic SAMT i• comprised of simulated aircraft cockpit and test 
equipment control panels, an instructor station, and a computer simulation of the Prart & 
Whitney F-1 00 engine. Computer simulation seeks to provide realistic engine performance 
for maintenance training. Use of this vehicle allows students to prartice engine trimming 
procedures, and diagnosis of a variety of engine component f.Ulures. 

95. SELF-REPAIRING FUGHT CONTROL SYSTEMS 

FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 

Flight control system 

USAF - Aeronautical Systems Division 

Honywell & McDonnel Douglas 

1985 

This is areconfigurable or 'self-repairing' flight control system that continually evaluates the 
aerodynamic conditions of aircraft, :illd reconfigures itself in the event that cenain control 
surfuces are unavailable due to damage or malfunction. Areconfiguration module corrained 
in the system is capable of choosing the correct combination of control surfuce deflections 
to execute certain maneuvers. The system will also provide instructions to the pilot to 
compensate for the alteration in conuol surfiu:e. This reconflguration computer technology 
might J:,e adapted to future civilian aircraft. 
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96. SEMSA WEAPON SYSTEM AND MAINTENANCE SIMUlATOR 

FUNCTION Weapon system and maintenance simulator 

DEVELOPER 

UFE 

DESCRIJ>TION 

Sogitec 

1988 

The SFMSA weapon system and maintenance simulator is designed to train technicians in 
Milllge 2000 maintenance methods. The simulator is used to familiarize technicians with 
weapon system operation, fault-finding and diagnosis of malfunctions. SEMSA contains 
!Our dements: acockpitcabinetwithadisplayofthepilot'sstation; andaircraftcabinetwith 
another display of the stores system and test equipment; an instruaor' s station; and a data 
processing suite. 

97. SERVICE BAY DIAGNOSTIC SYSTEM I 

FUNCTION Computer to guide automobile maintenance technicians through repair ofFord's dearonic 
engine control unit {EEC-IV) and the many components with which that unit inreraas. 

SPONSOR 

DEVELOPER 

DESCRIPTION 

Ford Motor Company, Ford Parts and Service Division 

Hewlett-Packard Co. 

This diagnostic system incorporates a touch screen co.nputer and printer, and a portable 
engine analyzer that may be operated during a road test. Functionally, it taps into the EEC
IVsystemthroughrhedatalink,andtalkstoothermodulesinthesystem. Itcanactivateother 
sensors and aauators. It can also communicate with Ford's OASIS (On-Line Automotive 
Service Information System) to receive technical information, updates and manual informa
tion and service bulletins. Thecomputerwi!I also display diagrams and drawings of parts and 
sensors, which may be otherwise difficuit to locate or discern. 

98. SERVICE BAY DIAGNOSTIC SYSTEM (SBDS) II 

FUNCTION 

DEVELOPER 

UFE 

DESCRIPTION 

Auto diagnoscics ""P"tt system using hypertext capability. 

Ford Motor Company 

Operation by December 1989 in 2000 dealerships 

Hypertext is a method of organizing rdatcd information via computer systetr.s. Hypettext
b.scdautomobilediagnosticsandrepairworkstationhdpsmechanicsrepaircars.TheService 
Bay Diagnostic System has an expert system in the diagnostic mode to a."la!yze the meter 
readouts, symptoms data entered into the computer by the technician. 

99. SPS--SHOP PI.Al'i'NING SYSTEM 

FUNCI10N 

DEVELOPER 

UFE 
DESCRIPTION 

To reduce the amount of duplicated effort and improve accountability and control of shops 
parts tracking and shop planning systems. 

USAir 

Since 1986. 

This is a software tool, part of the larger Merlin package, to improve aviation maintenance 
management and staff function efficiency. This portion of the Merlin package governs shop 
planning, scheduling. and parts inventory control. A combined system such as this reduces 
paperwork without reducing efficiency. 
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100. STAR-PIAN 

FUNCTION 

DEVFl.OPER 

UFE 

To hdp satellite control operators identiljr and resolve system Emits in orbiting spacecraft. 

Foro Aerospace & Communiations Cmporarion, Sunnyvale 

1986 

DESCRIPTION Increasing complexity of spacectaft systems and the unavailability of technical advisots in 
some remote ground stations and mobile control facilities, has emphasized the need fur 
automation of these satdlites diagnostic and advisory functions. Satellite expert control 
systems must accommodate multiple disciplines and complex tdationships between sub
systems. The prototype system will be a ground based decision aid to replace or augment the 
work of the technical analyst who monitots incoming tdemetty data stream from a satellite 
and compares that data with expected conditions (heuristic reasoning). Modds fur 
incorporating procedures for automating the knowledge acquisition process are also 
included. 

101. STEMS -STRUCTURAL TRACKING AND ENGINE MONITORING SYSTEM 

FUNCTION 

SPONSOR 

DEVFl.OPER 

UFE 

DESCRIPTION 

Monitoring system for aircr.Ut structures. 

USAF 

Northrop 

1983 

STEMS is a system that determines inspection and repair schedules forindividual aircraft, 
determines aircraft surface life expectancy, provides data for future specifications, and 
establishes operational limitations. It consists of an on-board processor, diagnostic display 
unit and a data collection unit. 

102. THREE-DIMENSIONAL TRAINING SIMUlATOR 

FUNCTION Training Simulator 

SPONSOR 

DEVFl.OPER 

UFE 

DESCRIPTION 

Commercial. Used by NASA and General Motots and othm. 

Autodesk, Salsaulito, CalifOrnia VPL Research, Redwood City, CalifOrnia 

1989 

The simulation is =omplished through tiny computer monitor goggles which usets wear 
over each eye. The goggles deliver coordinated messages to the user's brain. The computer 
linked to the user through a sensor glove. Use of the glove cr=es and guides perceived 
movement, thus creating an artificial reality. This is called Cybetspace. It puts the user in a 
simulated, realistic 3-D world. 

This is being used and developed for use in training helicopeter pilots and other types of 
applications by GE, NASA and the Army. 

103. TEDS-11JRBO ENGINE DIAGNOSTIC SYSTEMS 

FUNCTION To dectronically monitor various engine conditions and functions. 

SPONSOR US Air Force, and others. 

DESCRIPTION A generic term for systems using dectronic means to determine engine conditions and 
satisfactory fimctions. The first system was called, Events History Recorder, developed fur 
the Air Force Fl 00 engine. Other systems usingsameanddevdopingtechnologyincludethat 
for the T-38 trainerJ85 engine, theA-10 ground support aircraft's TF34 turbofan engine, 
and those installed in the KC-135, BI-B, and F-16 aircraft. Rep;-esentative systems are 
known as Integrated Turbine Engine Monitoring System and Joint Advanced Fighter 
Engine diagnostic system. 
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104. TEMS--TURBINE FNGINE MONITORING SYSTEMS 

FUNCTION 

SPONSOR 

Generic term fur a variety of engine monitoring systems. 

USAF 

DESCRIPTION TEMS is representativeofoneoftheearlicst applications of technology to the maintenance 
process. Thiss;,stem foruseson enginemonitorparameterss.dcingto pm!ictwhen and what 
maintenance is required on the engine to achieve on-condition maintenance. T"£MS is a 
generic name fur a varietyofeariysystemswhich use different means of collecting data. Some 
data is collected manually, others automatically. R=t systems collect data and in real-time 
transmit it to the ground station. All systems collect this data to spot anomalies, leading to 
increased airaafi: availability, nduced overall engine maintenance costs. 

105. TFXMAS -TURBINE FNGINE EXPERT MAINTENANCE ADVISOR SYSTEM 

FUNCTION Used in conjunction with a system such as TEMS, TEXMAS uses human-like reasoning to 
achieve nduced maintenance costs and increase airaafi: availability. 

DEVELOPER 

UFE 

DESCRIPTION 

Textron, Inc., Avco Lycoming T emon, Stratfurd, CT 

1983. 

TEXMAS takes raw data and ca.Tfies out Emctions such as engine performance measure
ment, event monitoring, and life monitoring, and f.wlt isolation and diagnosis. h can also 
beusedtowalkaninecperiencedmechanicthroughthediagnosisprocess. TEXMASisbased 
on expert system technology, implementoo on a laptop computet. 

Developed fur the T53 engine. This is an engine with few sensed para.'Ileters (two rotor 
speeds, torque, exhaust gas temperatute, oil pressure and oil temperature. With no other 
measurements availab(~ the diagnosis process requires the knowledge of an expert. 

106. TROUBLESHOOTER 

FUNCTION 

DEVELOPER 

UFE 

DESCRIPTION 

Training tool to :lid aviation mechanics in learning troubleshooting and diagnostic skills 
utilizing simulation oriented cumputer-based instruction methods. 

Flight Safety lntemarional 

First introduc<d in 1986, successiYC devdopments in 1988 with anticipated additional 
devdopments. 

Flight Safety International has developed a series of simulation oriented computet-based 
instruction aids fur virtually all major subsystems of Cessna Citarion 500, Dassault Falcon 
50 and the Sikorsky S-76. First introduced in 1986, the diagnostic COUISeS are being 
expandoo toawiderangeofbliSinessaircraft. This system uses actUal pilotwrite-ul"'ofservice 
difficulty reports, manuf..aurersservicewrite-ups. with cockpit indicators programmoo into 
the sofrwarc. Students review subsystems individually or in teams in order to develop and 
critique solutions. Review of the steps taken to diognose the problem and the components 
replaceddetenninetheellectivenessofthere:ommendedprocedures. Useofthesystemdoes 
not require previous computet ecperience. 
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Chapter Five 

107. VSI..ED- VIBRATJON, STRUCI'URAL UFEA.~D ENGINE DIAGNOSfiC 

FUNCI10N Monitoring system fOr V-12 tiltrotor airaaft. this system is repr=ntative of the latest 
generation of performance aids, di.<tinct by its integration into the aircraft itsel£ It =ends 
the monitoring process to the aircraft struaure. 

DEVFl.oPER 

UFE 
Bell Aerospace 

1989 

DESCRIPTioN Vibration, Structural Life and Engine Diagnostics (VSLED) is a monitoring system 
developedrortheV-12tiltrotoraricrafi. ThissystemseeksreducemaintenancecosrsbySOOAl 
Bymonitoringthest.:uaureoftheaircra.'i:andanalyzingrrendsandparamerer.;asd:>engine 
monitoring systems, VSLED integrates several systems, and uses automatic detection of 
exceeded limits. This data is analyzed and fault isolation analysis is performed It monitors 
the aircraft's vibration, temperatures, structural life, and engine events, and can generate 
reports that specifY nec:Ccd maintenance actions. 

108. XMAN-EXPERT MAINTENANCE TOOL 

FUNCI10N An expert maintenance system designed to he a user intcrfuce to the mainrenance data base 
created by systems such a< TEMS. 

SPoNSoR 

DEVELoPER 

DESCRIPTION 

US Air Force 

System Control Technology Corporation 

XMAN was developed for use on the USAF A-1 OA.. It uses expert system> technology and 
builds upon other related technologies (such as TEMS) to automo.te diagnostic and 
troubleshooting procedures. Since this too! can communicate to the user the sequence of 
conclusions in the di3gnostic procedure, it may he used for t.-aining. 
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